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PREFACE. 



The design of the present volume is to fhrnish for the 
use of schools and young persons, an elementary text-book 
on the first principles of science. For this purpose, the 
system of question and answer, which for certain classes 
of pupils and for &miliar initruction has proved emi- 
nently popular, has been followed. The advantages of this 
system are : — ^first, that it affords a most simple and easy 
method of communicating useful and practical informa- 
tion : — second, the question excites a feeling of cmiosity in 
the mind of the young student^ which serves to fix the sub- 
ject-matter more strongly in the memory : — and thirdly, 
the form of question and answer imparts truth to the mind, 
in a logical sequence of cause and effect, and by showing 
how consequents in sciences are deduced fi*om antecedents, 
unconsciously trains and familiarizes the pupil to think and 
reason according to the true spirit of inductive philosophy. 

It is believed that the questions in the present volimie 
are simple, practical, and expressed in the plainest language 
that the subject allows. Engravings have also been used 
to illustrate more clearly the most important topics treated 
of. 

As this work has been designed exclusively as an elemen- 
tary book, the more abstruse and difficult departments of 
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VI PREFACE, 

physical science have been passed over, or briefly noticed ; 
such as the theory and application of the mechanical powers, 
the polarization of light, crystallography, &c. Those who 
are desirous of possessing a more complete and elaborate 
work, arranged in the form of question and answer, — em- 
bracing the whole subjects of Natural Philosophy, Organic 
and Inorganic Chemistry, the applications of science to the 
Industrial Arts, Geology, &c., are referred to a work by the 
author of the present volume, entitled " Wells's Familiar 
Science" and to " Wells's Natural Philosophy," in both of 
which special reference is made to the application of the 
principles of phyacal science to the useful arts and necessi- 
ties of every-day life. 

In the preparation of the " Science of Common Things'* 
especial care has been taken to render the fiicts and piin- 
ciples given, full, complete, and accurate, and in strict con- 
formity with the very latest results and researches of modern 
science. 

New Yobe, ^y, 1851 
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PAETL 
LAWS AND PROPERTIES'OF MATTER. 



CHAPTER I. 



WHAT "WE KNOW OF HATTEB, AND HOW WB ENOW IT. 

1 WTua is matter f 

We apply the term matter to any substance which 
affects our senses. 
S ffow do we know that anyihing exists f 

Because our senses give us evidence of the fact. 

5 What are the senses? 

They are the instruments, or means, by which the 
mind is enabled to know that matter exists and pos- 
sesses certain properties. 

4 JBbw many senses are there f 

Fhe ; hearing, seeing, smelling, tasting, and feeling. 

6 WoM a $ers(m deprived of aUsensaiion^ he c(mscUms of any mate' 
riai existence f 

He would not ; for all knowledge of the material 
world is derived through the medium of the senses. 

O Is the impression transmitted to (he mind hy each organ of sensaMon^ 
different 

It is; each organ of sense is adapted to receive a 
particular influence of matter ; and is designed to con- 
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vey to the mind immediate notice of some peculiar 
action. This is the more noticeable, when we consider 
that, however delicate its structure, each organ of 
sense is wholly insensible to every influence except that 
to which it is especially adapted ; thus, the eye is never 
aflfected by ammd^ nor the ear by lighi. 

T What is meant by the term body f 

Any distinct portion of matter perceived by the 
senses. 

8 What do toe meanj when we speak of ihe properties or gualUies of a 
bodyf 

The jpowers belonging to the body, which are capa- 
ble of exciting in our mmd certain sensations. 
© What are m general properties of matter t 

The principal qualities of matter are magnitude or 

EXTENSION, IMPENETRABILnT, DIVISIBILITY, POBOSITY, IN- 
EKTIA, DENSIIY, ELASTIOIIT, DFCnUTY, and MALLEABIUTY. 

10 What is magnitude f 

The property of occupying space. It is impossible 
to conceive of a portion of matter so minute as to have 
no magnitude. 

11 What do we mean by ihe term size of a body f 

The quantity of space a body occupies. 

IS What is the sv/rface of a body f 

The eoctemal limits of its magnitude. 

13 What is ihe area of a body f 

The quantity of surface. 

14: What is impenetrdbiUiy f 

That quality of matter which precludes the possibility 
of two bodies occupying the same space at the samie 
time. When bodies are said to be impenetrable, it is 
therefore meant, that one cannot pass through auother 
wiiiiout displacing some, or all,' of the component parts 
of that other. 

There are many instances of apparent penetration ; but in all these, the 
parts of the body which seem to be penetrated are only displaced. Thus, 
if a needle be plunged into a vessel of water, all the water which pre- 
viously filled the space mto which the needle enters, will be displaced; 
and the level of the water will rise in the vessel to the same height as it 
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would by pouring in so much more water as would fill the spaoe occupied 
by the needle. 

16 Why wiU waier, or any other UqtUdf poured into a fimnel, chsdy 
inserted in the TnotUh qfa bottle^ or decaaUerj run over the sides t 

Because tlie air filling the bottle, and having no 
means of escape, prevents the fluid from entering the 
bottle ; but if the funnel be lifted from the neck of the 
bottle a little, so as to afford the air an opportunity to 
escape, the water will then flow into the bottle in an 
uninterrupted stream. 

IS What is the figure qfa body f 

Its form or shapcj as expressed by its boundaries or 
terminating extremities, 

1*7 WJiai is meant by the divisibiHiy of matter? 

Its property, or capability of being divided. 

18 Is matter capabk of being divided inio separate portions infinitely or 
witfumt limit f 

So far as we are able to perceive with our senses, all 
matter is capable of beinff divided into separate por- 
tions without limit; yet the recent investigations of 
chemistrv have proved beyond a doubt, that there is 
a point beyond which matter is no longer divisible. 
Such a portion of matter as cannot be divided we call 
an atom. 

1© What (hen is an atom of matter f • * 

A pa/rticle so minute, as to admit of no division. 
Atoms are conceived to be the first principles or com- 
ponent parts of all bodies. 

The extent to which matter can be divided and y#; be perceived by 
the senses, is wonderful. 

An ounce of gold may be divided into four hundred and thifty-two 
thousand million parts. Each of these parts will retain all the diaracters 
and qualities which are found in the largest masses of metal. It retains 
its solidity, texture, and cdlor; it resists the same agents, and enters into 
combination with the same substances. 

SO What is a particle of matter f 

The term particle is also used to express srnaU com- 
ponentpoHs of matter, but is generally applied to those 
which are not too minute to be discovered by obser- 
vation. 

1* 
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Poresofabodj. Compressibilitj. Density. 

SI What cure the pores of a body t 

No two particles of matter are supposed to be in 
actnal contact with each other ; and the openings, or 
interstitial spaces between these particles, are called 
pores. 

55 What is the reason (kat a sponge, apiece of wood or metal, can, by 
pressv/re, be made to occupy a smaUer space than it did originally t 

Because the particles of which the sponge, the piece 
of wood or metal, are composed, are by pressure 
brought more closely together, diminishing at the same 
time the pores and the space the body occupies. 

53 WJiat then is compressibility f 

That quality of matter in virtue of which a body 
allows its. volume or size to be dinrnmhed, without 
diminishing the number of atoms or material particles 
of which it consists. 

54 WTwi reason haoe vje f&r m^pposiflng thai no two paH^ 
are in oibsdkAe contact t 

Because all known bodies, whatever may be their 
nature, are capable of having their dimensions reduced 
without dimimshing the amount of matter contained in 
them ; hence the space by which the volume may bo 
diminished must, before diminution, cousisi-oi pores. 

56 Vhuji is density f 

The proportion of the quantity of matter in a body to 
its magnitude. T3iu8, if of two substances oi|e contains 
in a given space twice as much matter as the other, it 
is said to be twice as dense. 

S36 Whai connexiion is {here between the density of a body and its 
porosity t 

A body will be more or less dense according as its 

E articles are near to or remote from each other ; and 
ence it is evident that the greater the density the less 
the porosity, and the greater the porosity the less the 
density. 
S*? Why do we caU lead heavy, and feathers Ughtt 

Because the amoxmt of matter contained in a quan- 
tity of lead occupying a given space is much greater 
than in a* quantity of leathers capable of occupymg the 
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same space. The original particles of matter which 
make up the composition of lead and feathers are ako 
different, and in tne lead are arranged in much nearer 
connexion with each other than in me feathers. 

Newton conjectured that if the earth were so compressed as to bo 
absolutely vrithout pores, its dimensions might not exceed a cabic inch. 

S8 Eow is vmier or any other liquid made pure hy fiUervng through 
paper J doth, a layer o/sandf rock, &c. f 

The process of filtration depends on the presence of 
pores in the substance used as a filter, of such a mag- 
nitude as to allow a passage to the liquid, but to refuse 
it to those impurities firom which it is to be disengaged. 

S© Why is not the substance mUtaHe for the JiUraUon of one Uquid 
equoRy adapted for thefWroUon ofaU Uguidst 

Because the magnitude of the pores fii different sub- 
stances and of the impurities in liquids is different; 
and no substance can De separated from a liquid by 
filtration, except one whose particles are larger than 
those of the liquid. 

so Why do lubUes rise to the surface when a piece of sugary wood, or 
chalk is phmged under water t 

Because the adr previously existing in the pores be- 
comes displaced by the water, and nses to the surface 
as bubbles. 

81 Whatoccasionsffiesnc^fpingof wood or coal when laid upon the fire f 

Because the air or liquid contained in the pores be- 
comes expanded by heat, and bursts the covering in 
which it 18 confined. 

SS What are the sparks of fire which hurst from the wood t 

Very small pieces of wood made red hotj and sepa- 
rated from the log by the force of the air when it 
bm-sts from its conSnement. 

83 Why does light, porous wood make more muspping <^a» any other 
kindf 

Because the pores are very la/rge^ and contain more 
air than wood of a doser gradn. 

84: Why does green wood make less snapping than dry t 

Because the pores, being filled with sap^ contain very 
litUe air. 
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36 Why does dry wood rnake more snapping ihan green f 

Because the sap is dried wp^ and the pores are filled 
with air instead. 

86 Why does dfrywiodhwrn more eaa^ihai^g^ 

Because the pores of dry wood are fUed with avr^ 
which supports combustion ; but the pores of green or 
wet wood are filled with moislmre^ which extinguishes 
flame. 

37 Whenisahody saidiobeekuiict 

When, on being compressed by the agency of a 
mechanical power, it is capable of resuming its former 
dimensions with a certain force when relieved from the 
operation of the force which has compressed it. This 
property is called ddsUcity. 

38 Mo how many classes may CLilnaiwal lodges he di^^ 

All the bodies we meet with on the earth may be 
divided into three great classes; viz. solids^ liquids^ 
and gaseoiLS or deriform bodies. 

Se WhatisasoUdf 

A solid is a body whose particles of matter are so 
close or dense that they resist the impression or pene- 
tration of other bodies. Hence the parts of solid bodies 
are not movable or easily displaced Hke those of liquids. 

40 WhatisaUquidt 

A liquid is a substance which, like water, manifests 
immediately to the touch but a very feeble resistance ; 
but quite sufficient, however, to indicate its presence, 
even when in a state of repose. A liquid cannot be 
grasped between the fingers like a solid body ; neither 
can it be collected permanently in a heap, or made to 
assume any particular figure except that of the vessel 
in which it is inclosed. 

41 What is a gaseous or aeriform body t 

A gaseous or aeriform body is an elastic, and gene- 
rally an invisible, fluid, which, like the air surrounding 
us, affords no evidence of its presence to the sense of 
touch, when in repose. Gaseous or aeriform bodies 
may be confined in vessels, from whence they exclude 
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liquids or other bodies, thus demonstrating their exisir 
ence^ though invisible, and also their impenet/rabUity. 

4S In wTicU parHctdar reaped does a gas differ from a Uquidt 

A liquid, like water, oH, spirit, &c., can be made to 
flow down an inclined plane, but a gas cannot 

43 Why is it diffkuU to waJk against a high wind f 

Because the particles of the air, although invisible, 
press against us violently in a direction opposite to that 
m whicn we are proceeding. 

<^4t When is a substance said to be plastic t 

When it possesses intermediate properties between a 
solid and a fluid. Pitch is an example of a plastic 
body : it presents the appearance of a soUd, but will 
be found to be continually changing its form by the 
movement of its particles, when left free to move. 

45 When a sponge is placed in water ^ thai Uquid appears to penetrate 
it Does the woJter reoMy enter the solid parUdes of the sponge t 

It does not ; it only enters Hiq pores or vacant spaces 
between the particles. 

4B When we pkmge (he Tumd into a mass of sand, do we penetrate (he 
sandf 

We do not ; we only displace the particles. 

47 What is inertia f 

Matter is incapable of spontaneous change ; and the 
term inertia (or i/j^acti/oity) signifies the total absence 
of power in matter to change its state. A body en- 
dued with inertia cannot of itself, and independent of 
all external influences, commence to move from a state 
of rest ; neither can it, when moving, arrest its own 
progress and become quiescent. 

48 When a carriage is in motion, drawn by Tiorses, why is (he sa/me 
exertion of power in (he horses required to stop it, as would be necessary to 
back it, if it were at rest f 

Because the force required to destroy motion in one 
direction is eqical to that rec[uired to produce as Tmich 
motion in the opposite direction. 

40 If a body is incapable by itself of changing its state, why wiU not a 
baU fired from a cannon cowtinvs to move on for ever t 

Chiejly on accoxmt of the resistance of the air or 
1* 
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medium through which it passes, and the att/raction of 
the earth, 

60 If a carriage, raHroad-car^ or boat, moving with speedy be suddenly 
stopped or retarded from any caitse^ why are the passengers^ or the baggage 
carried^ precipitated from iheir places in the direction of the motion t 

Because, by reason of their inertia, iJaey persevere in 
the motion which they shared in common with the 
body that transported them, and are not deprived of 
that motion by the same cause. 

61 Why wiU a person^ leaping from a carriage in rapid motion^ faU in 
the direction in which the carriage is moving at the moment Ms feet meet the 
ground f 

Because his hody, on quitting the vehicle, retains by 
its insrtia the motion which it has in common with it. 
When he reaches the ground, this motion is destroyed 
hj the resistance of the ground to the feet, but is re- 
tained in the upper and heavier part of the body ; so 
that the same effect is produced as if the feet had oeen 
tripped. 

SS Whert the sails of a ship are first spread to receive the force or im- 
pulse of the windy why does not <Ae vessel acquire her full speed at once f 

Because it requires a little time for the impelling 
force to overcome the inertia of the mass of the ship*, 
or its disposition to remain at rest. 

63 Why^ when (he sails are taken in, does the vessel contimie to move for- 
a coTisiderahle time t 

Because the inertia of the mass is opposed to a 
change of state, and the vessel will continue to move 
until the resistance of the water overcomes the opposi- 
tion. 

S4: Why is a man standing carelessly in the stern of a boat liable to faU 
into Uie water behind^ when the boat begins to move ? 

Because his feet are pulled forward while the inertia 
of his hody keeps it in the same position, and, there- 
fore, behind its support. For a similar reason, when 
the boat stops, the man is liable to fall forward. 

66 Upon whxjJt does the hardness of a body depend f 

Not, as is often supposed, upon the density of a 
body, but upon the force with which the atoms hold 
their places in some particular arrangement. Gold is 
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much more dense than the diamond, yet the metal is 
Boft, while the diamond is the hardest body in nature. 
SS When is a body scud to be ductile t 

When it is capable of being drawn into wire. In 
ductile substances the atoms seem to have no more 
fixed relation of position than in a liquid, but yet they 
cohere veiy strongly. 
C? When is a body said to be maUeable t 

When it is capable of being hammered or rolled into 
thin plates. Bodies that are malleable are not always 
ductile. Lead and tin may be hammered out into 
very thin plates, but it is difficult, or impossible, to 
draw out these metals into fine wire. 



CHAPTER II. 

ATTRACmOU'. 

68 Whaiis attraction t • 

It is the force manifested by the mutual a^pproach or 
cohesion of bodies. 

60 Js aU matter subject to the power of atl/raction f 

All matter is under the influence of attraction in 
some of its forms. Eveij particle of matter attracts 
every other particle, and is in turn itself attracted. 

GO Whaiisr^fmlsionf 

It is the force manifest in the movement of bodies 
from each other. Thus, if a piece of glass, having 
been briskly rubbed with a silk handkerchief, touch 
successively two feathers, these feathers, if brought to- 
gether, will move asunder. 

©1 What is cohesive attraction f 

It is the force which holde together the atoms of 
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bodies. Cohesion acts only between particles of mat- 
ter of the same kind, and at distances which are not 
measurable, or, as they are termed, insensible distcmces. 

eJ3 Whaiis adhesion f 

Adhesion is attraction between particles of matter 
of different kinds acting at immeasurably small dis- 
tances only, and uniting the dissimilar particles into 
one mass. 

63 Why is mortar used to fasten bricks together t 

Because the adhesive attraction between the particles 
of the brick and the particles of mortar is so strong, 
that they unite to form one solid mass. 

©■4: Why is a bar of iron stronger than a bar of wood of the same size f 

Because the cohaeion existing between the particles 
of iron is greater than that existing between the par- 
ticles of wood. 

66 Why are the particles of a Uguid more easily separated ffum those 
of a solid t 

Because the cohesive attraction which binds together 

the particles of a liquid is much less strong than that 

which binds together the particles of a solid. 

66 Why wUi a smaU needk, car^fuUy laid upon the surface of waJter^ 
float f 

Because its weight is not sufficient to overcome the 
cohesion of the particles of water constitutinff the sur- 
face ; consequently, it cannot pass through mem and 

sink. 

GT If you drop water and laudanum from the same vessel, why wiU 
sixty drops of the water fUl the same measv/re as one hundred drops of 
laudanum f 

The cohesion between the particles of the two liquids 
is different, being greatest in the water. Consequently, 
the number of particles which will adhere together to 
constitute a drop of water is greater than in the drop 
of laudanum. 

68 Why is the prescription of medicine by drops an unsafe method f 

Because not onlv do drops of fluid from the same 
vessel, and often of the same fluid from different ves- 
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eels, diflfer in size, but also drops of the same fluid, to 
the extent of a third, from diflferent parts of the lip of 
the same vessel. 

SQ Why is it difficuU to pour water from a vessel which has not a pro- 
jecting Up f 

Because, in conse(juence of the attraction between 
the water and the sides of the vessel, the fluid has a 
tendency to run down along the inclined outside of the 
vessel, and not at once to faU perpendicularly. 

70 What is the attraction of graoitation f 

We apply the term "gravity," or the "attraction 
of gravitation," to that tendency which every particle 
of matter in the universe has to approach all other 
matter. Terrestrial gramtation is the attraction of a 
body towards the centre of the earth. 

71 In what respect does the attraction of gravitation differ from oM other 
attractive forces t 

Because it is the convmon property of all bodies; 
since everything to which we can attach the idea of 
materiality is affected more or less by gravitation. 

75 Why does an apple loosened from the tree faU to the growndf 

Because the earth attracts or draws it to itself. 

73 Sioice aU bodies are attracted tovxurds the ewrOi, how does it happen 
thai aU smoke and some other forms of rnatter display the contrary pheno- 
menon of ascending from it f 

Because the smoke is Iwht&r tJiam, the air^ ivlJc for 
hdky and floats upon it. ft is xmable to advance, how- 
ever, in the most minute degree, without displacing or 
thrusting downward portions of the atmosphere equal 
to its own bulk. 

74 Why does a cork pressed henealh the water rise and float on the 
surface f 

Because the cork is lighter than an equal Tmlk of 
water^ and is pressed up and sustained by it in the 
same manner that the particles of smoke are sustained 
by the particles of air. 

76 Why does a haUoon rise in the air f 

Because it is filled with a gas which is lighter, bulk 
for bulk, than the air. 
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All bodies attract each other. Feather and the earth. 

73 How long vnU smoke continue U> float above the surface of (he earth f 

"Until its parUcleSj tmiting^ become heamer them the 
a/ir^ when tney descend in tne form of small flakes of 
eoot 

77 Why do bubbles in a cup of tea range round the sides of the cup t 

Because the cup cMracts them, 

78 Why doaUthe UtUe bubbles tend towards the large ones f 

Because the large bubbles (being the superior masses) 
attract them. 

70 Why do the bubbles of a cup ofieafoUow a teorspoonf 

Because the tea-spoon attracts them. 

80 Bo aU bodies aitrad each other equally t 

They attract each other with forces proportioned to 
their m^asses. 

&± A feather falls to the ground by the influence of the emrOCs attraction. 
Now, as cdl bodies attract each other^ does the feather attract or draw up the 
earth in any degree towards itself? 

It doesj with a force vroporiHoned to its mass; but 
as the mass of the earth is infinitely greater than the 
feather, the influence of the feather is infinitely small, 
and we are nnable to perceive it 

83 What would be the consequence if the feather did not attract the 
earth? 

If a/ny portion of the earth, however ^-tmSi^ failed to 
attract another portion, and not be itself attracted, the 
(ms of the ea/rth would he irmnedioMy chxmged^ involv- 
ing an alteration of climate, and the place of the ocean 
in its bed. 

83 Why is it more dangerous iofdUfrom a lofty elevation than from a 
low one? 

As the attraction of the earth varies inversely with 
the square of the distance, the force with which a fall- 
ing body wiU strike the groimd will increase in propor- 
tion to tne height from which it has fallen. 

84 In whaJt direction does a body, when not supported, endeavor iofaU? 

In a line drawn from its centre of gravity towards 
the centre o£ the earth. 

85 Is the aUraction of the earth the same at aU distaoicea from Us suT" 
face or centre ? 
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Centre of grayity. 



Position in which a bodj can rest 



No ; the attraction of the earth for a body varies 
inversely with the square of its distance from toe centre. 

8Q How can this he iUttsircUed f 

In the following manner: — ^If the earth attracts a 
body with a certain force at the distance of one mil^, it 
will attract with four times the force at half a milcj 
nine times the force at on^third of a milcj and so on in 
like proportion. On the contrary, it will attract with 
but onefourth of the force at two miles^ oneruinth of 
the force at three miles^ one-sixteenth of the force at 
four miles^ and so on as the distance increases, 

87 What do we mean by the cenire of gravity f 

That point in a body about which, if supported, the 
whole tJody will balance itself. 

88 When you balance a rod, a sUckj or any oiher body, vfpon (he finger^ 
where is ihe centre of gravity of the stick or body f , 

It is the point upon which the body will remain at 
rest, or upon which it is balanced. 

80 In what position only can a body rest f 

Only when its centre of gramty is supported ; and 
until tnis is accomplished the body will move, and con- 
tinue to do so, untu it settles into a position in which 
the centre of gravity cannot sink lower. 

©O Why does a person carrying a weight upon his back stoop forward f 

In order to bring the centre of gravity of his body 
and the load over his feet 





Fig.1. 
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16 BOIEKCB OF COMMON THINQS. 

Centre of gntTity in man and Miitn^ia 

If he carried the load m the position of A, Fig. 1, he would &I1 back- 
wards, as the direction of the centre of gravity would fall beyond his 
heels ; to bring the centre of gravity over his feet, he assumes the posi- 
tion indicated by B, Fig. 2. 

dl When a person carries a load upon his Jiead, why is it necessary 
to stand perfecUy upright f 

In order that the centre of gravity may be over his 
feet 

©S Why does a person in risi9igfivm a chair hend forward t 
When a person is sitting, the centre of gravity is 
supported by the seat / in an erect position, me centre 
of gravity is supported by ihe/eet; therefore, before 
rising it is necessary to change the centre of gravity, 
and by bending foi-ward we transfer it from the chair 
to a point over the feet. 

©3 Why does a quadruped never raise doth feet on the same side simul- 
taneously f 

Because, if it did, the centre of gravity would be 
unsupported, and the animal would fall over. 

©4 Why is a turtle placed on Us hack unable to move t 

Because the centre of gravity of the turtle is, m this 
position^ at the lowest pointy and the animal is unable 
to change it ; therefore it is obliged to remain at rest 

©5 Why is it more diffiouU to overthrow a body having a broad base 
than one resting upon a narrow basis f 

Because a body cannot fall over, so long as a line 
directed from the centre of gravity vertically towards 
the surface upon which the body rests, falls within the 
figure formed by the base of the body in question. 




Fig.8. Fis.4. 
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Btabilitj of buildings. Centre of grarity in walking. 

Hence, the hroader the hose of a hody^ the more securely 
it will stand. 

Thus, in Mg. 3, the line directed vertically from the centre of gravity, 
G, falls within the base of the body, and it remains standing ; but in Fig. 
4 a similar line falls without the base, and the body consequently cannot 
be maintained in an upright position, and must ML 

OQ How long will a waM or tower stand secwrely f 

So loD^ as the perpendicular Kne drawn through its 
centre ot gravity falls within its base. 

The celebrated leaning tower 
of Pisa, 315 feet high, which 
inclines 12 feet from a per- 
fectly upright position, is an 
example of this principle. For 
instance, the Ime in I^. fi, 
falling from the top of the 
tower to the ground, and pass- 
ing through the centre of gra^ 
vity, falls within the base, and 
the tower stands securely. It, 
however, an attempt had been 
made to build the tower a lit- 
tle higher, so that the perpen- 
dicular line passing ^ough 
the centre of gravity would 
have fallen beyond the base, 
the structure could no longer 
have supported itsel£ 

lig.6. 

©7 What is {he advarUage of turning oui the toes when we waOcf 

It increases the breadth of the hose supporting the 
body, and enables us to stand more securely. 

©8 Why do very fat people throw lack (heir head and shoulders when 
ihey wdSct 

In order that they may eflfectually keep the centre 
of gravity of the' body over the base formed by the 
soles of the feet. 

©9 Why cannot a man, standing vnffi his heds dose to a perpendicular 
waUf bend over suffidentJy to pick up any dtffect that lies before him on the 
gromdj wiChout foMng f 

Because the wall prevents him from throwing part 
of his body backward, to c&unterhala/nee the hem <md 
a/rms that must project forward. 
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BqM-dMidng. How we learn to walk. 

100 What is (he reason (hat persons walking arm-in-arm shake and 
josUe each other, unless ihey make the movements of (heir feet to correspond, 
as soldiers do in marching? 

When we walk at a moderate rate, the centre of 
gravity comes alternately over the right and over the 
left foot. The body advances, therefore, in a wa/ving 
line; and nnless two persons walking together keep 
step, the waving motion of the two fai£ to coincide. 

101 Where would ihe centre of gravity be in a wheet made e/niMreH/y of 
wood and of a uniform thickness t 

In the centre. 

lOS Where would ihe centre of gravity be if apart of the rim of (he 
same whed were made of iron t 

It wonld be changed to some point aside from the 

centre of the wheeL 

108 In what does the art ofbakmcing or walking upon a rope consist? 

In keepine the centre of gravity in a line over tlie 
base upon which the body rests. 

104 What is the base upon which the human body rests or is supported f 

The two feet and the space included between them. 

105 Why is it a very diffieuU (hmg for children to learn to wal^ ' 

In consequence of the natural upright position of the 
human body, it is constantly necessary to emploiy some 
exertion to keep our balance, or to prevent ourselves 
Jfeom falling, when we place one foot before the other. 
Children, after they acquire strength to stand, are 
obliged to acquire this lnowledge of preserving the 
balance by experience. When the art is once acquired, 
the necessary actions are performed involuntarily. 

106 Why do young quadrupeds learn to waSc much sooner (han chti- 
drenf 

Because a body is tottering in proportion to its great 
altitude and narrow hose. A chila has a body thus 
constituted, and learns to walk but slowly because of 
this difficulty, (perhaps in ten or twelve months,) while 
the young of quadrupeds, having a hroad supporting 
base, are able to stand and move about almost immedi- 
ately. 

lO*? Are aU the UmX>s ofataM tree arranged in such a manner, that the 
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How trees grow. Weight 

Une directed from (he cenire of gravity is caused iofoM wiihin the base of the 
ireef 

Nature causes the various limbs to shoot out and 
grow from the sides with as much exactness, in respect 
to keeping the centre of gravity within the base, as 
though they had been aU arranged artificially. Each 
limb grows, in respect to all the others, in such a man- 
ner as to preserve a due balance between the whole. 



CHAPTER III. 

WEIGHT. 

108 WkaiisweigTUf 

"Weight is the measure of the attraction of gravita- 
tion, or, in other words, it is the measure of~f&rce with 
which a bodjr is attracted by the earth, in an ordi- 
nary sense it is the qucmtity of maU&r contamed m a 
iody, as as<mimneaTyy the balance. 

109 IbwhatistheweigJUofahodyjproporiiondlf 

The weight of a 'body is always proportional to the 
qaaminify oj matter contained in it. 

no Why wiU a haU of lead weigh more than a baU of cotton of the 
samesizef 

Because the quantity of matter contained in the ball 
of lead is much greater than the quantity of matter 
contained in the ball of cotton. The attraction of gra- 
vitation being proportioned to the quantity of matter, 
it foUows tiiat the lead ball will be drawn towards the 
earth with a greater force (t. e. will weigh more) than 
the ball of cotton. 

IIX A rrum of moderate weight upon the sfwrfam of the ea/rih would 
weigh two tons if transported to the mjnfioe of the sun : why would he weigh 
more vpw the mrface ofihemn than upon the suffface of the earth f 
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When a body weighs the moet Systems of welghta. 

Because the attractive force of the stm, on account 
of its greater magnitude, far exceeds ,the attractiv^e 
force of the earth. 

113 Why win a mass of iron weigh lessoniheiop of a high mountain 
ikon at the level ofiheseat 

Because the attraction of gravitation is less at the 
top of the mountain than at the level surface of the 
earth ; weight decreasing or increasing as the attrac- 
tion of gravitation increases or decreases, according to 
the squares of the distcmces. 

A ball of iron, weighing a thousand pounds at the level of the sea^ 
would be perceived to have lost two pounds of its weight if taken to the 
top of a mountain four miles high, a spring balance being used. 

113 WherewiMalodyweighihemosionfhamwfaceoflheeaflrihf 

At the poles of the earth, for at tiiese points the 
attractive power is greatest. 

It must be remembered that the earth is not a perfect sphere, but flat- 
tened at the poles ; consequently, the poles of the earth are nearer the 
centre of attraction (s. e. the centre of the earth) than any oth^ point on 
its surface. 

13A Where wiU a body weigh Ihe least on the earOi^s svrface t 

At the equator^ for there the attractive power is less ; 

the surface at this point being the most distant jfrom 

the earth. 

115 Whai wofM he the weight of a body caaried to (he centre of ihe 
eartht 

It would have no weight ; for the attraction of gra- 
vitation acting equally m every direction, no enect 
would be prcSuced ; and the body would be fixed as 
if sustained by a number of magnetic points. 

lie What two systems of weighis (vre employed in the Vmted States 
and Great Britain t 

Troy weight and avoirdti^ois weight 

117 What is Thyy weight us^fbr^ and from whence does it derive its 
name? 

Troj weight is used for weighing gold and silver. 
It derives its name from the ancient designation of 
London, Troy JVovcmty or from Troyes^ in France, 
where it was first adopted in Europe. It has existed 
in England from the time of Edward the Confessor. 
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Ayolrdnpois and grain weights. En^^eh, Amerleaa, and French wrighta. 

118 WJujU is avoirdupois weight used for^ and from whence does it 
derive Us name t 

Avovrdupois weight is used for the weight of mer- 
cliandise other than the precious metals. It derives its 
name from the French a/voirs {(weria), goods or chat- 
tels, sjidpoidsj weight. 

11© What is a grain weight f 

A gram weight is the smallest measure of weight 
made use of in the English system. By a law of Eng- 
land enacted in 1286, it was ordered that 32 grains 
of wheat, well dried, should weigh a pennyweight. 
Hence the name grain applied to this measure of 
weight. It was afterwards ordered that a pennyweight 
shomd be divided into only 24 grains. 

150 How do we make a grain weight for practical purposes? 

By weighing a thin plate of metal of uniform thick- 
ness, and cutting out, by measurement, such a propor- 
tion of the whde as should give one grain, in this 
way, weights may be obtained for chemical purposes, 
which weigh only ,tVv^ P^^ ^^ ^ grain. 

151 What part of an tnch is a Une t 

Onerinjodfih of an inch is designated as a line. 

lSi3 Are fhe standa/rds of weights and measures in the United State$ 
the same as in Gfreai Britain t 

They are essentially the same. 

1133 Where are the standards of weights and measures to be found in 
Vie United Statest 

At Washington, and at the capitals of the several 
States of the Union ; sets having been furnished to 
each State by the United States. 

134: Are the weights and meoBwres used in France the same as (hose of 
(he United States and Englandf 

jN"o; they are entirely different Within a compa- 
ratively recent time the French have reconstructed 
their old system of weights and measures, and formed 
another on an entirely new plan. The French system 
is, at present, the best and most accurate system 
exiting. 
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Force. Motion. FrietloD. 



CHAPTEE ly. 
MonoN. 

1336 Whatis/brcet 

Force is whatever causes or opposes the production 
of motion in matter. 
ISe WluUis moUonf 

It is the term applied to the phenomena of the 
chan^ng of place a/rrvong hodies. 

137 What would "be the state of things if no motion existed f 

The universe would be dead. There would be no 
rising and setting of the sun, no flow of water or of air 
(wina), no sound, light, or animal existence. 

1138 The surface of the earth at the equator moves at the rate ofabmii a 
thousand miles in an hour : why are men not sensible of this rapid move- 
ment of the earth t 

Because aU ci^ects about the observer are moving in 
common with him. It is the natural uniformity of the 
imdisturbed motion which causes the earth and all the 
bodies moving together with it upon its surface to ap- 
pear at rest. 

18Q ffow can you easily see that the earth is in motion t 
By looking at some object that is entirely uncon- 
nected with it, as the sun or the stars. We are here, 
however, liable to the mistake that the sun or stars are 
in motion, and not we ourselves with the earth. 

150 Does the sun redUy rise and set each day t 

The sun maintains very nearly a constant position ; 
but the earth revolves, and is constantly changing its 
position. HeaUyy therefore^ the smh Ti&itheT rises nor 
sets. 

151 What do we mean by the term friction t 

In m^echanicSy it signifies the resistance which a 
moving body meets with from the surface on which it 
moves. 
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Impossibility of perpetual motion. Centriftigil force. 

133 Is it possibk to construct any machine^ or arrcmgement of mcLtUr^ 
which wiU perpetually continue in motion t 

It i^ not; because the operations of gramtVy the re- 
sistance of the med/mrn, throitgh which the hoay moveSj 
or the frict/ion of the surfaces upon which the lody 
restSy will, in a given time, destroy and terminate all 
motion. In adcfition to tins, all materials which we 
employ in construction will, in the course of time, wea/r 
out by use, or decay by natural agencies. 

133 Bo we know of amy instances of perpetual motion in naiwre t 

Yes ; the various planetary bodies belonging to the 
solar system have been moving with undiminished 
velocity for ages past ; and, unless prevented by the 
agency which governs all nature, will continue to 
move in the same manner for ages to come. 

134 Why are horses obliged to make a much greater exertion to start a 
carriage than afterwards to keep it in motion t 

Because when a carriage is once put in motion upon 
a level road, with a determinate speed, the only force 
necessary to sustain the motion is that which is suffi- 
cient to overcome the friction of the road ; but, at 
starting, a 'greater expenditure of force is necessary, 
inasmuch as not. only the friction is to be^ overcome, 
but the force with which the vehicle is intended to 
move must be communicated to it. 

IBS Whai is centrifugal force f 

It is that force which causes a revolving body to fy 

from a cefrvtre. 

13© Wh/g does a stone, discharged from a sling^ move forwards^ when 
the cord which retained it is loosenedf 

Because of the centrifugal force it has acquired by 
the whirling" of the sling previous to the discharge. 

13T Why do grindstones or wheels, in rapid motion, not unfrequendy 
break and fly to pieces with great violence? 

Because the centrifugal force j generated bv the rapid 
revolving motion, overcomes the cohesion of the parti- 
cles, and thus causes tiiem to separate and fy from the 
centre. 
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Illostntioiu of oentriftigal Ibroe. Beyolntioa of the eartlw 

138 Can ahnoai cdl revohnng bodies be broken by sufficient roiaiivs 
velocity f 

Yes; for the centrifugal force increases with the 
ra^dity of reoolution^ and finalhr becomes too strong 
to be resisted by the cohesive force which binds the 
particles of the body together. 

1.3Q When a vessel containing water is whirled 
rapidly rounds why does not the water faU out when the 
vessel is upside down f 

Because the centnrifugal force^ tending 
to make the water fly from the centre. 
overcomes or IdUmcea the attr(iction of 
gramt(xtion^ which tends to cause the 
water to fall out 

In jF^. 6, the water contained in the bucket which 
is upside down^ has no support under it, and if the 
bucket were kept still in its inverted position for a 
single moment the water would fall out by its own 
weight, or, in other words, by the attraction of gravi- 
taticm; but the centrifugal force, which is caused by 
the whirling - of the bucket in the direction of the 
arms, tends to drive the water out through the bot- 
tom and side of the vessel, and as this last force is 
equal to and balances the other, the wattr retains its 
place, and not a drop is spilled. 



14:0 Bom mmh faxkr wofHd ^ earfft be required 
to revolve in order to make ihJe c&niarifugai force equai to 
the aUr action of gravitcstion t 

Seventeen times faster^ or in eighty- 
four minutes, instead of twenty-four 
hours: in this case all bodies on the 
surface of the earth would be destitute 
of weight. 

141 WhaJt woidd be ike consequence if the earih 
revolved around its aaois in less time ihan eigTity-four 
minutes f 

Gravitation would be completely over- 
'powered, and aUfiwids and loose snjUth 
stances would fly from the surface. 

14:3 Why does a man or horse^ in turning a comer rapidly, incUne 
inwards^ or lean towao'ds the comer $ 

Because the centrifugal force, produced by turning 
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Action of centriftigal force in eqnestrlan sports. 

rapidly, tends to thrcm him away frcmi the ccymet ; 
therefore, he inclines inwards to counteract it. 
1<43 Why' does a horse in a circus ring lean towards the centre t 

Because, when the horse moves round with the per- 
former on the saddle, both the horse and the nder 
incline continually towards the centre of the ring, and 
the inclination increases with the velocity of the mo- 
tion : by this inclination their weights counteract the 
effect of the centrifugal force. 




Fig. 7. 

In all equestrian feats exhibited in the circus, it will be observed that 
not only the horse but the rider inclines his body towards the centre, 
Fig. T, and according as the speed of the horse round the ring is increased, 
this inclination beS)me3 more considerable. When the horse walks 
dowly round a large ring this inclination of his hody is imperceptible ; if 
he trot there is a visible inclination inwards, and ii he gallop he indinea 
still more, and when urged to full speed he leans very fiyr over on his 
side, and his feet will be heard to strike against the partition which defines 
the ring. The explanation of all this is, that the centrifugal force caused 
by the rapid motion around the ring tends to throw the horse out o^ and 
away fixmi, the circular course, and this he counteracts by leaning 
inwards. 

144 Why do water-dogs give a semi-rotary movement to their skin to 
free themsehes from water f 

Because in this way a centrifugal force is generated, 
which causes the drops of water adherent to them to 
fly off. 
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Pbenomen* of jomping. Flying of birds. Flying and leaping. 

1.4k6 Why does a person who is dboui to leap over a diich or chasm first 
make a run of a Utile distancet 

In order that the imjpetus he acquires. in nmning 
may help him in the jump. 
X4k6 Why is a standing leap aiways shorter Iha/n, a running one t 

Because in the running leap, in addition to the force 
acquired hy the contraction of the rmiscles^ we have 
added Ihe force of the motion acquired by imnning. 

147 Why do we kick against the door-post to shake the snow or dust 
from our shoes f 

The forward motion of tlie foot is arrested by the 
impact against the post ; but this is not the case with 
respect to the particles of dust or snow, which are not 
attached to the foot ; but the motion imparted to them 
equally with the foot is continued, and causes them to 
fly off. 

14k8 Why do we beat a coat or carpet to expel the dust t 

The cause which arrests the motion imparted to the 
coat or cai7)et by the blow does not arrest the particles 
of dust, and their motion being continued, they fly off. 

14:Q Why can birds fly? 

Because they have the largest bones of all animals 
in proportion to their weight. Air-vessels also enable 
them to blow out the hollow parts of their bodies, 
when they wish to make their descent slower, rise 
more swirtly, or float in the air. The muscles that 
move the wings of birds downwards, in maiPy instan- 
ces, are a sixth part of the weight of the whole body ; 
whereas those of a man are not, in proportion, one- 
htmdredth part so large. 

It is an erroneous idea, still taught in many educational wotIcs, tliat 
the bones of birds are hollow and filled with air. This is not the case. 
Recent investigations have shown that the bones of birds, as a general 
thing, are not more hollow than those of other animals, and do not con- 
tain air. 

X60 Why does flying differ from leaping t 

Because flying is the continued suspension and* pro- 
gress of the whole body in the air, by the action oi the 
wings. In leaping, the body is equally suspended in 
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Action of birds in flying. Aeti<Hi and reaction. 

the air; but the suspension is only momentary. In 
jBlying, on the contrjuy, the body remains in tne air 
and acquires a progressive motion by repeated strokes 
of the wings on the surrounding fluid. 
151 Why do birds staretch out (heir necks when flying 1 

In order that they may act as a wedge, dividing the 
air and diminishing the resistance. 

1523 Why are the strongest feathers of birds in the pinions and tail f 

Because when the wing is expanded, the pinion- 
feathers may form, as it were, hroadfansy by which 
the bird is enabled to raise itself in the air and fly ; 
while its tail-feathers direct its course. 

153 Why can a person safely skate with great rapidity over ice which 
would not support his weight if he moved over it rrwre slowly t 

From the fact that Ume is required for jprodudng 
the frdctmre of the ice : as soon as the weight of the 
skater begins to act on any point, the ice, supported by 
the water, bends slowly imder him ; but if the skater^s 
velocity is great, he has passed off from the spot which 
was loaded before the bending has reached the point 
which woidd cause the ice to break. 

154 U sometimes happen^ when persons are knocked down by carriages 
that the wheds pass over Qverm, vnih scarcely any injury ^ though if the weight 
of the carriage had rested on the body, even for a few seconds^ it would have 
crushed them to death. WJuU explanation can be given of this fact t 

The wheel motes with such rapidity, that the weight 
has not time sufficient to exert itsfvU ejfect. 

155 When two equal bodies meet, mavirhg with equal vdocities in oppO' 
site directions^ what wiU be the effect t 

They will both come to rest — ^for their motion being 
equal and contrary, will be mutually destroyed. 

156 When two persons strike their heads together^ one being in motion 
and the other at restf why are both equally hurt t 

Because, when bodies strike each other, action and 
reaction are equal ; the head that is at rest returns the 
blow with equal force to the head that strikes. > 

15*7 When an elastic bdS is thrown against (he side qf a house ivith a 
certain force, why does ii reboimdf 
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Examples of action and reaction. Laws of ftlling bo^Bea. 

Because the side of the house resists the ball with 
the sameforce^ and- the ball, being elastic, reboimds. 

168 When the same haU is thrown against a pane of glass with the 
same force, it goes Ihroughj breaking the glass : why does it not rebound as 
before? . 

Because the class has not sufficient power to resist 
the fuU force of me ball : it destroys a part of the force 
of the ball, but the remainder continuing to act, the 
ball goes through, rfiattering the glass. 

16S l^hy did not the man succeed who vndertook to make a fair wind 
for his pleasure boai, by erecting an immense beUows in the stem, and blowt- 
ing against the sails t 

Because the action of the stream of wind and the 
reaction of the sails were exactly equal, and, conse- 
quently, the boat remained at rest 

leo If he had blown in a contrary direction from the saHs, instead of 
against (hem, would the boat have moved f 

It would, with the same force that the air issued from 
the bellows-pipe. 

lei Why cannot a man raise himsdf over a fence bypuBmg upon the 
straps of his boots? 

Because the acUon of the force^ exerted to raise him- 
self, is exactly covmieracted by the reaction of the force 
which tends to keep him down. 

X62 Does a man, m rowing, drive the water astern with the same force 
thai he impels the boat forwards t 

He does : action and reaction being exoMy equal. 

1©3 Why is it mare dangerous to hap from a high window than from 
alow table f 

Because the velocity of a fciUvrw hody^ and, conse- 
(juently, the force with which it will strike the ground, 
tncreases with the distance through which it falb. 

164 How far wiU a body faU, ih/rov>gh the infiwsmce of gramt/g, in one 
second of Hm^f 

Sixteen feet. 

165 Mow far wiU iifaU in two seconds f 

Four times 16 feet, or 64 feet ; in three seconds it 
will fall 144 feet ; in four, 256 ; in five seconds, 400 
feet, and so on. 
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Fendalnm. Common clock. 

166 WiU a mass of iroUy weighing one hundred pounds, let faU from 
an elevoMon, reach the ground any quicker than a mass ioeigMng only on§ 
pound, letfaU at ihe same time and from the same placet 

No ; the lighter mass will faU with the same velocity, 
and reach the ground as soon as the larger one. 

Before Uie lime of Galileo it was tan^t and believed, tbat if twd 
bodies of different weights were let &11 from any height at the same mo- 
ment, the heavier body would reach the gronnd as much socHier as its 
weight was greats than the smaller. Gtalileo, on the oontraryi main- 
tained that they would both strike the ground at the same time, and, as 
his doctrine was generally disbelieved, he challenged his opponents to a 
practical trial The experiment was made from the top of tiie celebrated 
leaning tower of Pisa^ in the presence of a great concourse of people, and 
resulted in the complete triumph of Galileo. 

167 WTuU is the rule by which (he height from which a bodj/faUs may 
he found, the time consumed infaJUng being knoumt 

MvUvplythe sqiMure of th^ 
consumed vafauing^ ty the distance which a hoay will 
faJl in one second. f> 

168 If a stone is five seconds in falling from the top of a precipice, how 
high is ihe precipice t ^ 

The^square of five seconds is 25 ; this mryftiplied by 
16, the ntmiber of feet a hody-wHl fall in one second^ 
gives 400, the height of the precipice. yuj> 



169 Whai is d pendulum f 

A pendvJ/mn is- a heavy hody^ as a piece of metal, 
suspended hy a wi/re or cord^ so as to swing backwards 
and forwards. ^ 

" ^jvb WhmisapmMsm^saidio'ij^aiel 

When it swings backwards and forwards ; and that 
part of the circle through which it vibrates, is called 
its arc. 

. 17^ Whai is a commxyti doi^t 

Mefre(/u apendtJmn, with wheel-work attached to it, 
to record the number of vibrations, and with a weight 
or spring, having force sufficient to counteract the re- 
tardmg effects ot friction and the resistance of the air. 
1*73 How long must ape/nduJium be io beat seconds? 
About 39 inches. 

17^ Why does a common dock go faster in mnter ffian in summer f 
2* 
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LsBgth of pendohun alfeets the rate of » elodc 

Becaxise the pendulum-rod becomes contracted by 
cold in winter, and lengthened by Jie<U in summer. 

1*74 Why does a change in Vie length of ihependukim cause a clock to 
go faster or eiower t 

The number of vibrations which a pendulum makes 
in a given time depends wpon its ten^h^ because a 
long pendulum does not jjerform its journey to and 
from the corresponding points of its arc so soon as a 
short one. 
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AppUcatloa of power. What are nweMneny 



PARTH 

APPLICATION OF THE LAWS AND PROPER- 
TIES OF MATTER TO THE ARTS. 



. ♦■ 



CHAPTER I. 



HOW WE APPLY POWEB. 
ITS WhcUisamacTUnef 

By a macliine we understand a (xymbmaUon of m^- 
chmhic(djpoweTS adapted to vary the direction, applica- 
tion, and^intensity of a moving force, so as to jprodtics 
a gwen result. 

176 What is the difference between a machine and a tool f 

The difference between a machine <md a tool is not 
capable of very predise distinction. A tool is usually 
more skmle tnan a machine : it is generally used ly 
hand^ while a riiachine is generally moved by some 
other them hwmom power. 

1*7*7 Does a machine ever create power, or increase the qmanUiy of 
power or force applied ioitt 

A machine will enable us to concentrate or dwide 
any kind or quantity of force which we* may possess, 
but it no more increases the (juantity of force than a 
mill-pond increases the quantity of water flowing in 
the stream. 

178 Prom what sources do we derive advantages by the use of machines 
and manufajdwes f 

From the addition, they make to human power; 
from the economy they produce of human tmie ; from 
the coTwersion of substances apparently common and 
worthless into vatudMe prodi^ts. 
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Ol^fjeetofmaehiiieiy. PeqMtaal motion. Sootom of power. 

17S Sow do machines make additions to hwna/n power f 

They enable us to use the powers of natural agents, 
as windy watery steam; they also enable ns to use ani- 
mal power witii greater enect, as when we move an 
object easily with a lever, which we could not with the 
unaided hand. 

180 E(mi do mwiwMB prodiwi» toofn^^ 

They accomplish with rapidity what would require 
the hand unaided much time to perform. A machine 
turns a gun-stock in a few minutes; to shape it by 
hand womd be the work of hours. 

181 Emo do madrnes convert ofQCcts apparency worthless into vakiMe 
products f 

By their greait pov)€ry economy , amd rapidity of ao- 
tiouy they make it profitable to use objects for manu- 
facturing purposes which it would be unprofitable or 
impossiWe to use if they were to be manufactured by 
hand. "Without machines, iron could not be forged 
into shafts for gigantic engines; fibres could not be 
twisted into cables ; granite, in large masses, could not 
be transported from me quarries. 

18d Why are so mcmy aMempis continually made to produce m^eduim- 
cal engines which shaM generate perpetual motion t 

Because the projectors do not understand the great 
truth, thai no form or combination <f machinery cam,, 
tmder amy drcvmstanceSy increase the quamiity qf power 
applied. 

183 Whatisfheol^eciofamachmef 

To recevoe amd distribute motion derived from an 
external agent, since no machine is capable of generat- 
ing motion or moving-power within itedf. 

184 What a/re the principal sources from whence power is oltaincd f 

Men and ammalsy watery windy steamy and gvmpcw^ 
der. The power of all these may be ultimately re- 
solved into those of muscular energy, gravity, neat, 
and chemical affinity. 

186 Ar% there cmy other sources of power f 

Yes ; magnetismy electricity y capillary attrdctiony etc. ; 
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MttBoolar energy. H ais e^ p ow m . Water-power. 

but none of these are capable of being used practically 
for the production of motion. 

18S How is muscular energy exerted t 

Through the contraction of thejibres which oonstitvte 
ammal musdes. The bones act as levers to facilitate 
and direct the application of this force, the muscles 
operating on them through the medium of tendons, or 
otherwise. 

187 WhiU aidmab possess (he greaJUsiemMmi of mu^ 

Beasts qf prey. Some rery small creatures, how- 
ever, ]possess muscular power in proportion to their 
bulk, mcomparablj greater than that of the largest 
and greatest of the brute creation. Kflea^ considered 
relatively to its size, is far stronger than an dephwrvt or 
?blion. 
3.68 i^ whai meihod can a man exert (ke greaieH act^ strength t 
In ptdUfM tipwwrds from his feet: because the 
strong muscles of the back, as well as tnose of the up- 
per and lower extremities^ are then brought advan- 
tageously into action. Hence the action of rowing is 
one of the most advantageous modes of muscular action. 

18S Whai is (hs estimate of (he uniform strength of an ordinary man 
for the performance of drn^ mechanical labor t 

That he can raise a weight (f^ 10 pounds to the height 
(f 10 feet once im, a second^ and continue to labor for 
10 hours in the day. 

150 What is a ^^ horse-power f " We say a steam-engine is of a ccr- 
iain harse-povfer ; wJiai is the meaning of the term t 

The measv/re of a^^ horses power^ adopted as a 
standard for estimating the power of steam-engines, is 
tha;t he ca/n raise a weight of 33,000 pomids to the 
height of one foot in a rmnvie. 

151 Whai is the strength of a horse compared with that of man? 

The force of one horse is considered to be equal to 
that of ^^ men. 

ISS WJuU do we mean hy " water-power f* 

The power obtained by the action of water, — ^applied 
generally to the circumference of wheels, whidbi it 
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Wster-wheelB. 



Power of steam. 



Ounpowder. 



causes to revolve, either by its weighty ly its IcUeroL 
vnypuLse^ or hy loth ccmjomuy. 




FIg.& 



FIg.9. 



The most oommon forms of water-wheels in use are the under-shot and 
over-shot, or breast-wheels, lo. the under-shot wheel, Fig. 8, a stream of 
water strikes against the " float-boards " or paddles, placed so as to receive 
the impulse of the water at right angles to the radii or spokes of the 
wheeL In over-shot or breast-wheels, Fig, 9, the water is received in 
cells or buckets on the top or side. In this case the wheel revolves 
through the agency of the weight of the water. 

1S3 Ujponwhaidoeslhepoioer of steam depend? 

Upon the tendency which loater possesses to expand 
ifdo vapor when heated to a certain temperature. 

1Q4: WTiatis gur^powderf 

A solid explosive substance, composed of saltpetre or 
nitre, sid^hurj and charcoaly reduced to powder, and 
mixed intimately with each other. 

ISS UponwTtatdoeathepotver of gtmpowder depend? 

When brought in contact with any ignited substance, 
it explodes with great violence. A vast quantity of 
gasj or^ dasUc jhim, is emitted, the sudden production 
of which, at a high temperatwre^ is the cause of the 
violent effects which this substance produces. 

ISQ la the power produced in the eaplosion of powder ever used for 
propeUing TnacMnery regularly ? 

It is not, on account of its eospensvoeness and the sttd- 
denness and violence of its action. It is chiefly applied 
to the throwing of shot and other projectiles, and the 
blasting of rocks. 

1©T WTuU is llhe68Hm<Uedfc>rce of gunpowder when exphded? 
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Properties of • gun. Sange of camion. ExploeiTe snbstaacet. 

At least lijTSO pounds upon every square inch of 
the surface whicli conjSnes it. 

1S8 WTiatareiheessentidiproperUesofagunt 

To confme the dasUc fmd generated by the explo- 
sion of the powder as completely as possible, and to 
di/rect the course of the loll in a straignt or rectilinear 
path. 

lOO Why wiU a rifle send a baU more accurately Ihan a mutketj or 
orcUna/ry fftinf 

The space produced by the difference of diccineter 
between the $aU and the hore of the gim ^eatly di- 
minishes the effect of the powder, by allowing a part 
of the elastic fluid to escape before the ball, and also 
permits the ball to deviate from a straight line. Tlie 
advantage of the rifle-barrel is chiefly derived from 
the more accurate contact of the ball with the sides of 
its cavity. 

200 lb whai distancx may ahaUhe (hrovmby a twerdy-^^ 

With a quantity of powder equal to two-thirds the 
weight of the ball, it may be thrown about four miles. 

The effectiye range of a twenty-four pounder la^ however much less 
than this. 

201 Einjo muchfitriher woM the same baU go, were the reeisUmce of 
the air removed? 

Ahont Jive times the dista/nce^ or twenty miles. 

SOS Why is gunpowder akoays rnaimfadwred in Utile grains? 

In order to cause it to emlode more quicMy^ by faci- 
litating ike passage ofthejtame among the particles. 

S03 By what terms ofre cammn of different sizes distinguished? 
By the weight of the laU which they are capable of 
discharging. Thus, we have 68-pounder8, 24-pounder8, 
18-pounders, and the lighter neld-pieces, from 4 to 
12-pounders. 
S04: Are there any more eaopUmve substances than gtmpoiDder ? 
Very many ; but all of them are too expensive or 
dangerous for practical use. 

SOS By whom was gunpowder supposed to have been discovered ? 

It is generaUy agreed that gunpowder was used by 
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Btr«Dgthofin»terial8L Hollow tnt)68. 



the Chinese many centuries before the Christian era. 
In Europe, its composition and properties were dis- 
covered bv Berthold SchwartZy a Prussian monk, in 
the twelfth century. It was first used in battle in 
1346. 



CHAPTEE II. 

STRENGTH OF MATERIALS. 

120S W^m tno^eriob oirt employed for mechanical purposes^ t^on whai 
does Ihek power or strengtk^ opart from ike nature of the moferic^ dqtend 
for resisting external forced 

Upon the sJiape of the material, its hearmg^ and the 
nature of the force applied to it. 

• 807 In whatposiUon wiU a bar or beam tusbavn ihe greaiestappUcaUon 
of force f 

When it is compressed i/n the direcUon of its length. 

808 Whaidowememby sUffiMsaofamakriaif 

It is the resistance to the application of force tending 

lo bend it. 

dOd How much stijfer is a beam supported at both endsj than one of 
half the lengthfirmiy fixed ai only one end t 

Twice as stiflE 

510 In whcd^/brm can a given quantity of matter be arranged so as to 
oppose the greatest resistance to a bending force f 

In the form of a hoUow tvhe or cylinder. 

511 Why are the bones of man and animals hoUow and cyUndricdl f 
Because in this form they can with the least weight 

of material sustain the greatest force. In man and 
animals, the hollow part of the bones is filled with an 
oily substance called marrow. 

aiS Why are (he quiOs of birds hollow and empty af marrow t 
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Steins ct granes hoUoir. Limit to the tii» of ehipa. 

In order that they may possess the greatest strength, 
and by their lightness assist in flying. 

S318 Why are the stems qf seeds and grain-bearing plants hollow tubes f 

Because this disposition of matter gives to the stalk 
its greatest strength, enables it to resist the action of 
the wind, and sustam, without breaking, the ripened 
ear of grain or seed. 

814 Js a column wOh ridges projecting from it^ stronger than one thai 
is perfectly smooth t 

It is. 

816 Why is a koUow tube qf metal sirongtr than the same quantity of 
metal as asokdrodt 

Because its substance stamding foHher from the 
cent/re^ has a greater power of resisting a bending 
force. 

Sie Of two bodies of svmiQar shapes but qfd^erent sizes, which is pro- 
portionally (he weaker t 

The la/rger. That a lar^e body mav have propor- 
tionate strength to a smaller, it must nave a greater 
proportionate amount of material ; and beyond a cer- 
tain limit, no proportions whatever will keep it to- 
gether ; but it will fall in pieces by its own weight. 

SIT Why cannot trees attain an unlimited height of trunk t 

Because, beyond m certain limit, the weight of the 
material wiU overcoille the mpporimg stfrength of the 
material 

S18 Why is it improjcticable to buHd ships beyond a certain size f 

Because the weight of the timber and other materials 
contained in them tends to cause them to fall apart. 

In 1825, two veeselfl, ttie largest ever constructed, were bnflt in Ca- 
nadS) of 10,000 tons burden. They were found to be weak from tbdr 
size alone, and were both lost on their first yoyage. 
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CHAPTEE III. 

APPLICATION OF MATERIALS FOB ABCHITBCTUBAL OR 
STRUCTURAL PURPOSES. 

QIB WhcU are eefmentif 

Cements are for the most part soft or semi-fluid sub- 
stances which have the property of hecommg ha/rd in, 
UinSy and cohering wUh otmr lodUea to which they home 
heen applied. 

550 Of what are ihe ordinary cements which are cdHed mortars com- 
posed t 

Of quicJcUme^ s(mdj and water. 

551 What is quicMmet 

Quicklime is principally ^re lime^ and is obtained 
from the limestone rock, ordinary marble, or shells, 
which are composed of carbonate of lime, by calcina- 
tion. The effect of the burning is to drive off the car- 
bonic acid, leaving the lime pure and uncombined. 

SS» What is slacked timet 

If quicklime obtained as above described be wet 
with watevy it instantly swells and cracks, becomes 
exceedingly hot, and at length falls into a white, soft, 
impalpable product. This is denominated ^^ slacked 
lime. 

S83 What is ordinary whitewash? 

A mixture of slacked lime with water. 

2S4 Why shovM stacked Ume intended for mortars he excluded from 
the air^ or used soon after it has been prepared f 

Because if exposed to the air it absorbs carbonic 
acid^ and becomes converted again into its former con- 
dition of carbonate of lime. 

88S Why does rfwrtar become hard after afev) days f 

A portion of the water evaporates, and the lime by 
a sort of crystallizatiou adheres to the particles of sand 
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Mortar. Stooco. Color of Meka. 



and 'unites them together. The Ihne also gradually 
becomes converted into carbonate of lime. 

886 What sand is most suitable for ike formation of mortar f 

That which is wholly sUidov^ and is sJia/r^p / that is, 
not having its- particles rounded by attrition. 

J3S37 Whai are the proportions of lime and sand in good mortar t 

The proportions are varied in different places : the 
amount of s<mdy however, always exceeds that of the 
lime. The more scmd that can be incorporated with 
the lime the better, provided the necessary degree of 
plasticity is preserved. 

888 W?uU are water, hydraulic, or Roman cements? 

Those which have the property of hardening under 
water J and of consolidating aJmost immediately on be- 
ing mixed. 

88d lb whai cause do ike waier-cemenis owe their property of becoming 
hard under water t 

The cause is not satisfactorily known: all water- 
cements contain a portion of burnt cla/y^ which proba- 
bly absorbs hnmeoiately all superabundant moisture 
from the lime, and thus expedites its solidification. 

This explanation is rendered more probable from the fact, that if the 
clay is burnt sufficient to vUrify it cnt conyert it into Irvk, it ceases to 
form a water-cement 

830 What are the constUuents of a water-cement t 

QuicMim^, sa/nd or sUicaj and a proportion of day. 

831 Whatisskbccot 

Shicco is coinposed of various ingredients, generally 
of ^'plaster of PaH%^^ sometimes of white marble pul- 
verized and mixed with plaster and lime. 

838 WhcUisierrarCoUal 

Literally, hdked clay^ a name given to statues, archi- 
tectural ornaments, vases, figures, etc., modelled of 
potters'-clay and fine colorless sand, and afterwards 
exposed to a most intense heat 

833 Why are tricks when turned usudUy of a red color t 

Because the iron contained in the clay is converted 
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Bricks ^th straw. TUes. Mastio. 

by the heat into the red oxide of iron^ and acts in this 
state as red coloring material. 

234 Why are the bricks manujadured at OkicagOj and some other 
parts of the Western country^ of a white or yeUow color f 

Becanse the dlav of which they are formed does not 
contain suJlderU vron to color them. 

S3S Why did Ihe children of Israel in making bricks desire to mix 
Bbram with the day t 

The bricks of the Egyptians were composed of clay 
simply haJced m the sim^ and not burnt By using 
straw the clay was held together more firmly and the 
brick rendered stronger. 

236 Why are the Egyptians enabled to dispense with the process of 
burning the bricks t 

The extreme dryness of the climate in which they 
were used enable them to dispense with the burning. 
Bricks from Egypt and Babylon, which have remained 
exposed to the open air uninjured for two thousand 
years, rapidly fall to pieces when transported to a 
moist climate. 

237 Why do we mix hmr with mortar t 

In order to render it more cohesive and stronger. 

338 What are tilest 

Plates of burnt clay resembling bricks in composi- 
tion and manufacture, and used for the coverings of 
roofe or floors. 

J33d Wh/it is mastich or mastic t 

The name given to those cements which contain ani- 
mal or vegetable substances in composition. Mastich 
used for flie external decoration of houses often con- 
tains oil and a preparation of lead. 

J340 WhaiispuUyf 

Putty, used by glaziers in setting window-glass and 
for other purposes, is composed of whiting ana Knseed- 
oil, mixea and worked together. Whiting is simply 
conamon chalk ground and purified. 
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CHAPTEE IV. 

FBINdPLSS OF ABGHTrEOTUBS 
841 Whaiiearchiieduaret 

In its general sense it is the art of ereddng buildings. 
In modem use, this name is often restricted to the ex- 
temBi forms or styles of building. 

848 lb what cause do (he deferent vcarieUea of archiieckire owe ikdf 
Cfiginf 

To the rude structures which the dimate or Tnaterials 
of any country obliged its early inhabitants to adopt 
for temporary shelter. 

These Btructures with all their prominent features baye been afte^rwards 
kept up by their refined and opulent posterity. Thus the Egyptian style 
of architecture had its origin in the cavefm or mound; the Chinese archi- 
tecture is modelled from the tfmi; the Grecian is modelled from the 
wooden cabin ; and the Grothic from the bower of trees. 

843 WJuU kind <^ shape is U most probable thai the first human habi- 
iaUons assumed t 

We have every reason to believe that huts of a 
conical form were first constructed. 

844: WTiyt 

First, on account of their being easily erected, and 
as easily^ removed ; secondly, because meir decKvity 
on all sides would cause the rain to run off; ana, 
thirdly, owing to their breadth at the base and their 
gradually growing to a* point at the top, they were 
capable of resisting the ordinary force of the wind. 

84:C Are conical huts anywhere in use at the present timet 

Yes ; we find them still used by the uncxdtivated in- 
habitants of the South Sea Islands, by the American 
Indians, by the Hottentots, the Kamskatschans, and 
other uncivilized tribes. 

84e What are the three chief properties of a good building t 

Usefulness, strength, and beauty. 

847 Mow are they to be attadnedt 
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Sasentlals fa^bailding: Me! Mortlainf. 

The proper arrangement of the respective parts of 
the building vdll insure its usefuhiess. Its strength 
will principally depend on the walls being laid on a 

food and mm founoation, of sufficient thic&ess at the 
ottom, and standing perfectly perpendicular. And if 
all the parts of a bmlding correspond with each other, 
and are handsome in themselves, then the architect 
may rely on its beauty. 
248 WTuU are (he esaeniidl elemmtary parts of a huHdingt 

Those which contribute to its mpport^ mclosicrej and 
covermff. 
S4d What is a pile f 

A cylinder of wood or metal ^?^>m^a^ one eostremity 
and dnven forcibly into the earth, to serve as a support 
or foundation of some structure. It is generally used 
in marshy or wet places, where a stable foundation 
could not otherwise oe obtained. 

SSO Why are long cdkmms supporting greai weights made smaMer at 
(he top than ai the bottom t 

Because the lower part of the^ column must sustain 
not only the weight of the mperior pcurt^ but also the 
weight which vresaea equally on the whole cot/wrrm. 
Therefore the thickness of the colunm should gradually 
decrease £rom bottom to top. 

861 In the constrttG- 
iion of buildings various 
terms are employed to de- 
signate Vie m^hod in 
which the timbers are 
fUted into each oOier: what 
do we Tnean by mortising t 

Mortising is a 
method of insertion 
in whicn the pro- 
jecting extremity* 
of one timber is 
received into a perforation in another. {See fig. 10.) 

2CS2 Why are sleep roofs, or those constructed with considerable incH- 
nation^ best adapted for fumes in cold climates t 

In order that the snow may not be retained upon 



9 




^i^ aiffiir 



F!£. 10. 



Digitized 



by Google 



SCIENCE OF COMMOK THINQ8. 



48 



Tenons. Bcftrfing. 



Tongneing. 



Arch. 



them, which otherwise would be liable to injure the 
building by its weight 

SS3 WhatisaTrinrtisef 

The opening or hole cut in one piece of wood to 
admit \hQ jprojecting extremity of another piece. 

»S4 Whatisatefnont 

The end of a piece of timber which is reduced in di- 
mensions so as to be ntted into a mortise for fastening 
two timber^ together. 

2€S6 W}yai ia scarfing and inUrTockmg t 

It is that method of insertion in which the ends of 
pieces overlay each other ^ amd a/re indevUed together ^ so 
as to resist longitudinal strain by extension, as in tie 
bearers and the ends of hoops. {8eejig. 11.) 




Fiff.n. 
S6S WTiai is toiigueing a/nd rabbeting f 

It is that method of insertion in which the edges of 
hoards are wholly or partially received by chamftds m 
each other. 

SCr What ia an arch f 

It is a part of a structure or building suspended over 
a hollow, and concave towards the area of the hollow. 

dS8 Js it known at what time the arch was invented f 

It is not ; it does not appear to have been known to 
the ancients. 

2SO Why is an arch capable of resisting a greater arnomi of presswre 
Pum a Tiorizontai or redmgutar structure constructed ofihe same 7»a- 
ieriaist 

Because the arrangement of the materials composing 
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DoretalUng; ConitniotioiioftheskalL Egg-thells. 

the arch is such, that the force which would break a 
horizontal beam or Btructure is made to confess all the 
particles of the arch alikcj and they are therefore in no 
danger of oeing torn or overcome separately. 

SCO Wh(U is fMcmi by dovetailing f 

It is a method of insertion in 
which the parts are connected 
5y wedff&^haj^ indentaiionsy 
which permit them to be sepa- 
rated only m one direction. {See 
f..!! ^-12.) 

sei Whai leoMiifid agpplkaiion of ihe arch exisis in the human struc- 
ture t 

In the ehuUj protecting the brain. The materials 
are here so arranged as to present the greatest strength, 
with the least weight. 

863 Why is it diffic^U to break an egg by pressing directly upon its 
endst 

Eecanse the shell of tKe egg is constructed on the 
prmcvple qf the arch^ and is therefore capable of re- 
sisting great pressure. 

8d3 Why is a dished or arched whed of a carriage much stronger for 
resisting aU hims of shocks than aflat wheelf 

In an arched or dished wheel, the extremity of a 
spoke cannot be displaced inwards, or towards the car- 
nage, unless the rim of the wheel be enla/rged^ or all 
the other spokes yield at the same time ; ana it cannot 
be displaced outwards, unless the rim be dAminished^ 
or the other spokes yield in to opposite direction. 

Now the rim, being strongly bound with a tire of iron, cannot suffer 
either increase or diminution, and the strength of all the spokes is thus 
conferred by it on each individually. In a flaJt wheel, a given degree of 
displacement, outwafds or inwards, of the extremities of a spoke, would 
less affect the magnitude of the circumference, and therefore the rim of 
such a wheel secures it much less firmly. 

264 Why are the fore wlieels of carriages smaller than the hind 
whedsf 

Because they facilitate the turning of the carriage. 
The advantage of the wheel is proportioned to the mag- 
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Arch. Orders in srcbiteotara. CMlde ttmctiireii 

nitude; the smaller wheel havuig to rise a steeper 
curve. 

86S What is the dbtUmerU or spHnging of an arch t 

The top of the wall or walls which receive the ^st 
a/rch-stones. 
S66 WTiat is meant by an order in architecture t ^ 

By an architectural order, we understand a certain 
moae of a/rrcmging and decorating a col/wnw,, and the 
adjacent parts of the structure which it supports or 
adorns. 

SGT How momy orders are tecognised t 

Five: — ^the Doric^ lonic^ and Corirdhicmy derived 
from the Greeks; to these the Ec«nans added two 
others, known as the Tuscan and Corrvpodte. 

S68 H&u) dopHasiers differ from colwmnsf 

Only in their plan, which is square^ as that of 
columns is round : pilasters are attached to walls. 

d6d What is a portico 7 

A portico is a continued ra/nge of colAmms covered at 
. the top to shelter from the weather. The portico of the 
temple at Palmyra was full four thousand feet long. 

STO What are bakisterst 

SmaU columns^ or pillars of wood, stone, cfet?., used 
in terraces or tops of buildings for ornament ; also to 
support railing. When contmued for some distance, 
they form a bSustrade. 

QTl. Where did the Cfothic order of architecture originate t 

Among the northern nations of Efwrope, After the 
destruction of the Eoman empire, it was introduced to 
the exclusicHi of the Greek and Eoman manner of 
architecture. It seems particularly adapted to reli- 
gious edifices. 

S7d WhaJt are the characteristics of the Gothic a/rcMtedwre f 

Pointed a/rchesj with greater height tham, hreadth in 
the proportions, with profuse omamient, chiefly de- 
rived from an imitation of the leaves and flowers of 
plants. 
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B«d taste In architecture. Oolomns. Capitals. 

* 3373 Whxd is said to have been (he model of the aisle of a Gothic ccUhe- 
droit 

A grov^ of tall trees^ meeting at the top with inter- 
woven branches. 
274: Ought arcHtedwre to he considered as a fine or a useful art t 

As a useful curt. 

It is degrading the fine arts to make them entirely subservient to 
utility. It is out of taste to make a statue of Apollo hold a candle, or a 
fine painting stand as a fireboard. Our houses are for use, and architec- 
ture is therefore one of the useM arts. In building, we should plan the 
inside first, and then the outside to cover it 

STC Why is it had taste to construct a dwelling-house in (he form of a . 
Grecian temple t 

Because a Grecian temple was intended for ecctemal 
worship^ not as a habitation or a place of meeting. 

STG Had the Goihs, who plundered Borne, anything to do with Hie 
invention of Gothic architectwret 

No ; the name was introduced about two hundred 
years ago as a term of reproach, to stigmatize the 
edifices of the Middle Ages, which departed from the 
purity of the antique models. 

577 '^hatisihefa^adeofahuildingt 
Its front. 

578 What is a pedestal? 

The lower va/rt or hose of the column ; a continued 
base, on which a range of columns is erected, is called 
a styldbate. 

ST© Whai is the hose of a column f 

The lowerpa/rtj where it is distinct from the shaft. 

580 What is the shaft f 

The ndddle or longest j>a/rt of the column. 

581 What is the capitalt 

The upper or ornamental pa/rt resting on the shaft. 
The height of a column is measured in diameters of 
the column itself, always taken at the base. 

S8S WhaiisihApUn£h1 

This term is applied to the IcyvoerpaH of tJie pedestal^ 
QT to any square projecting; basis, such as those at ti« 
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Entablature. 



Architraye. 



Frlete. 



bottom of walls, and nnder the base of columns. Tire 
lower part of the pedestal being called the plinth, the 
middle part will be termed the die^ and the upper 
part the cornice of the jpedestal. {See jig. 13.) 



E&taUotim 



Column. 




ng.13. 



S83 VHiO^t U ^ efniablatm-ef 

The Tumzontal coninmmms portwri which rests upon 
the top of a row of colmnns. 

a84: What is ihe architrave t 

The lower part of the entablature. 

S85 Whaiis. ihe frieze f 
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Durability <tf building materials. EfliBct ot tbe atmosphere on roeks. 

The middle ^rt of the entablature. 
SSe Whatis the comicet 

The upper or prqjecftmg part of the entablature* 
(For iUustroMon oftkeae differed termsj Beefig, 13.) 

©87 la aeleciing a stone for architedurdl purposeSj Tww may we he ahle 
to form an opinion respuHng its duraMUy and permanencet 

By visiting the locality from whence it was obtained, 
we may judge from the sv^aces which have been long 
eaypoaed to the weather if tne rock is liable to yield to 
a/tmo^herio vnfAiences^ and the conditions under which 
it does so. 

" For example, if the rock be a granite, and it be very uneven and 
rough, it may be inferred that it is not very durable ; that the feldspar, 
which forms one of its component parts, is more readily decomposed by 
the action of moisture and m)st than the quartz, which is another ingre- 
dient; and therefore tiiat it is very unsuitable for building purposes. 
Moreover, if it possesses an iron-brown or rusty appearance, it may be 
set down as highly perishable, owing to the attraction which this metal 
has for oxygen, causing the rock to increase in bulk, and so disint^rate." 

S88 Why are the sandstones^ termed freestones, iU adapted for the 
external portions of exposed buildings t 

Because they readUy absorb moistwre; and in coun- 
tries where frosts occur, the free&mg of tbe water in 
the wet surface continually ^e<?Zs cff the external por- 
tions, and thus, in time, all ornamental work upon the 
stone will be defaced or destroyed. 

aSd "Why do some species of rock become Tuurder when taken from the 
quarry and exposed to the atmospJiere t 

This quality, in some species of stone, arises from 
the fact that the water contained in it, when forming 
part of the natural rock, evaporates^ and me stone, 
becoming dryer^ becomes hwrder. 

S90 Why do some stones, aUhough hard when first quarried, become 
friable, andfaU to pieces, when exposed to the atmosphere i 

Because they contain day or aJ/wnmha In such a state 
as to readily (waorb moistwre from the atmosphere ; and 
through the agency of the moisture the particles lose 
thei/r cohesion and &11 apart. 
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PAET m. 

THE LAWS AND PHENOMENA OF FLUIDS. 



891 Ma what iwo dosses may aB fluid substances he divided? 

Into liquids, as water, oil, molasses, etc. ; and into 

gases, as common air, carbonic acid gas, oxygen, and 

others. 

S93 WJuU designation do we give to those branches of science^ which 
ireai of the laws a^id pJienomena of Uguids t 

Hydrostatics, which considers the laws and pheno- 
mena of water and other liquids in a state of rest ; and 
hydraulics, which considers the laws and phenomena 
of liquids in motion. 

S93 What designation do we give to that department of science which 
treats of (he laws and phiSnomana of gases, and other substances resembling 
axrf 

We apply the term Pneumatics to that department 
of science which explains and illustrates those pheno- 
mena which arise from the weight, pressure, or motion 
of common air and other gaseous bodies. 



CHAPTER I. 

WATEE IN MOnON AlO) AT BEST. 

894 When water or any other fluid is at rest, in what condition is its 
surfacet 

Tlie surface of water at rest is always perfectly level. 
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Velocity atriwvn. 



How we make an aqnedact. 



i306 Why is the surface ofaJhUd at rest always level t 

Because the particles are equally attracted towards 

the earth by gramty, and are all equally and perfectly 

movable among themselves. 

J3dQ Ebw sUghJt a dedivUy is sufficient to give a running motion to 
water f 

Three inches to a mUe in a smooth, straight channel, 
gives a velocity of about three miles per hour. The 
river Ganges, at a distance of 1800 miles from its 
mouth, is only 800 feet above the level of the sea. 

S07 On what principle are we enabled to conduct water under ground 
through irregular tubes t 

On the principle that water will always rise to an 
exact level vn different tuhes^pipes^ or vessels communi- 
cating with each other. 
If we connect together a 
series of vessels, no matter 
how various their shapes and 
capacities, so that water may 
rise from the main channel, 
A B, into them, we shall find 
upon pouring water into one 
that it will rise to the same 
^«- '*• level in all the vessels. 

The dependence of all arrangements for conveying water in aqueduct 
imder ground upon the principle, that water in closed tubes or vessels 
rises to a uniform level, is clearly shown in Hg, 15 : a, a^a,, represents 
the water-level of a pond or reservoir upon elevated ground. From this 
pond a line of pipe is laid, passing over a bridge or viaduct at d^ and 





]ng.i5. 



under a river at c. The fountains, at &, &, show the stream rising to its 
level in the pond, a, at two points of very different elevation. 

SOS In what part of a river does the waierflow most rapidly t 

In the middle of the stream^ at the surface. On the 
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Oilgiii of spriogai. How water collects in weVai. ^ 

sides and bottom the velocity is diminished by the 
friction of the water against the banks, bars, etc. 

SSO WTiai is (he origin of springs t 

The water falling npon the earth sinks dovmwards 
through the sand and porous materials, until an imper- 
vious 6^ of da/u or rock is reached. Here the water 
€U)cunmlates, and finally hursts out at some point where 
the impervious bed or strata comes to the surface in 
consequence of a valley or excavation. 

Suppose a (^.16) to 
be a gravel hill, and h 
a stotta of day or rock, 
impervious to water. 
The fluid percolating 
through the grav5 

would reach the imper- 

jj^ 2^ vious strata, along 

which it would run un- 
til it found an outlet at c at the foot of the hill, where a spring would be 
formed. 

300 Why does not the wakr ooze out everywhere along (he Une of Junc- 
tion of ihe two formaUons — (he gra/oel and the rock or ckug — so as to form 
One conUnucms land soak^ instead of a few springs only, and these far distant 
from one ano^ier f 

For two reasons : first, on account of r^fvts amd fis- 
sures in the layers of rock, which act as natural drains ; 
secondlv, the existence of i/aequalities in the smfjbce 
of the impermeable stratum, which lead the water, as 
valleys do on the external surface of a country, into 
certain low levels and channels. 

301 Whg does the water colled in an ordinary weUf 

An ordinary well consists of an excavation continued 
until a stratum or lai/er of clay or rock is reached that 
is permanently saturated with water. They are not 
commonly supplied by springs, but merely by the 
draining of the water which exists within lie circuit 
of a few yards into a cavity. 

SOS Why do wells and springs faU oftentimes in dry weather f 

Because they are supplied by the water faUiAfiq as 
rain^ which percolates from the surface of the earth. 
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Artedui wella. 

303 What is an Artesian wen f 

Water is sometimes obtained by hyring into ths 
ea/rth with a species of anger, nntil a vein or sheet of 
water is found, which rises to the surface through the 
cylindrical excavation. Such excavations are called 
Artesian wells, because the method was first invented 
and employed at Artois, in France. 

304 How do you aecowU for (he water rising to the surface in Arie- 
ffidn, and sometimes in ordinary weUst 

Strata which are pervious frequently alternate with 
others which are not so ; or may form a hadn^ the 
area of which is partially filled with clay^ through 
which water cannot pass ; in $uch a case it is obvious 
that the bed of sand beneath the clay, fed by the rain 
which descends on the uncovered margin of the basin, 
must form a reservoir where the water will gradually 
accumulate beneath the central layer of day, through 
which it cannot escape. If the bed of clay be pene- 
trated bjr natural or artificial means, the water must 
necessarily rise to the surface, and may even be thrown 
up in a let to an altitude which win depend on the 
level of me fluid in the subterranean reservoir. 




Fig. 17. 

Thus, if a sandy stratom, a a (Fig. 17), acting as a filter, occupies an 
inclined position between two other strata impervious to water, such 
as clay, the water being absorbed by the superficial parts of the strata, 
as at a a (which may be of very great extent), will penetrate through its 
whole depth, and, finding no egress below on accoimt of the basin-like 
form of the stratum, or fi:iDm its resting at the lower termination upon a 
compact rock, will accumulate. The porous strata, therefore, becomes a 
reservoir to a greater or less extent, and if) by boring through the super- 
incumbent mass, we form an opening into the stratum, as at 6, the water 
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will rise in it, and flow over in a jet proportional to the height of the 
water aocumulated in the stratum from whence it flows. 

SOS WfuU genercd effect does ike cuiUvaiion and drainage of a cotmtry 
have upon the springs f 

In a well cultivated and improved country the 
springs are comparativelv few in number and not con- 
stant. "While the face of a country is rough, the rain- 
water remains long amonff its inequalities, slowlv sink- 
ing into the earth to feea the q)ring8, or slowly run- 
ning away from, bogs and marshes towards the rivers ; 
but in a well drained, country the water runs off quick- 
ly, often producing dangerous floods. 

30B Bow is ike pressure of water exeriedt 

Equally in all directions. 

307 Does watery contained in a vessel^ press with as great force against 
the sides and top as against the bottom f 

The pressure, in all directions, is the same 

SOS What is (he resuM if a corked empty latOe le lowered into the 
ocean for a considerable depth t 

The cork is generally forced inwards at a given 
depth, no matter in what direction the mouth of the 
bottle may happen to point 

309 ^ the cork is fastened immovdbly into the hotOe, what will he the 
effect f 

The bottle will be crushed inwards by the pressm-e 
before it reaches a depth of sixiy feet 

310 When a ship fowiders in shallow watery the wree^ on breaking to 
pieceSy generally comes to the swface and is cast upon the shore; but when 
a ship sinks in very deep water, it never rises : why is thisf 

The jpressfwre of very deep waier forces the water 
into \h%j>ores of the wood^ and makes it so heavy that 
no part of the wreck is enabled to rise again. 

311 Can you sink a cork so deep that it wiU not rise to the stwface 
again t 

At a great depth the water forced by presmre into 
the pores of the cork renders it so heavy that it cannot 
rise. 

SIS WJiat is the pressu/re of water expressed in nimbers t 

The pressure of water at any depth, whether on the 
3* 
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What is water? What to hard water? 

sides of a vessel or on its bottom, or on any body im- 
mersed in it, is nearly one pound on the square inch 
for every two feet of depth, 

313 Whatiswaierf 

Water is ajluid composed of oxygen and hydrogen^ 
in the proportion of eignt parts of oxygen to one part 
of hydrogen. 

314 Why is water fluids 

Because ite partidea are kept sejjarate by latent 
heat; when a certain quantity of this latent heat is 
driven out, water becomes solid, and is called ice. 

B J increasiiig its laient heal, the particles of water are again subdivided 
into invisible steam, 

316 Why is spring water generally caUed " hard wetter f " 

Because it is laden ^ith foreign matters^ and wiU 
not readily dissolve substances immersed in it. 

316 WhatTnaJces springorweU footer genearUyTiardt 

When it filters through the earth, it becomes im- 
pregnated with sulphate of lime, carbonate of lime, 
carbonic acid, magnesia, and many other impurities, 
from the eoHhs and minerals with which it comes in 
contact. 

317 Wliat is the cause of mineral springs f 

When water trickles through the ground, it dissolves 
some of the substances with which it comes in contact ; 
if these substances are retained in solution, the water 
will partake of their mineral character. 

318 WTien is a mineral water caMed a chalybeate t 

When it contains iron^ in some form, dissolved in it. 

310 Mineral springs exist in aU parts of owr country : what is the 
aature of the substances contained in them t 

The great majority of them are only impregnated 
with iron^ saU^ or smphv/r. Some few, however, con- 
tain many different substances, as the mineral waters 
of Saratoga. 

3SO Why a/re springs containing iron in large quantities beneficial to 
fome invalids f 

Because the iron contained in the water acts as a 
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tonic ; that is, it strengthens and invigorates the sys- 
tem. 

8S1 Whai quantity of minerctl matter is generoMy contained in oomr 
paaraUvel/y 'jgure naturai waters t 

Any water which contains less tha/afifteerb grams of 
solid mineral matter in a gallon, is considered as c(ymr 
jparatively pure. Some natural waters are known so 
pure that they contain only ^V^h of a grain of minerd 
matter to the gallon, bnt such instances are very rare. 

Waters obtained from different sources may be classed as regards com- 
parative purity as follows : 

Bain water must be considered as the purest natural water, especially 
that which fisJls in districts remote from towns or habitations; then 
comes river water; next, the water of lakes and ponds; next, spring 
waters ; and then the waters of mineral springs. Succeeding these, are 
the waters of great arms of the ocean into whidi immense rivers dis- 
charge their volumes, as the water of the Black Sea, which is only 
brackish ; then the waters of the ocean itself; then those of the Mediter- 
ranean and other inland seas ; and last of all, the waters of those lakes 
which have no outlet, as the Dead Sea^ Caspian, Great Salt Lake of 
Utah, etc eta 

8i323 How mwk solid matter is ordinarily eowtained in a gallon of sea 
water f 

From twenty-two hundred to twenty-eigTit hundrud 
grains. 

SS3S E&w mnch solid matter is coritained in a gallon of water from the 
Bead Seat 

From eleven tJwusand to twenty-one thousand grains^ 
or nearly one-fourth part of its weight. 

823-4: Does air exist in oM nattiraZ waters t 

It does : Jlshes and other rrmrine amhnals are depend- 
ent on the air which water contains for their existence. 

8236 WoM absolutely pure water act as a poison to a fish t 

The fish would die of suffocation in such water. 

386 WTiere is the purest water to be found ow a natural product t 

The purest natural water that can be procured is 
obtained by melting fresKiy-fallen snow^ or by receiv- 
ing rain in clean vessels at a distance from houses. 

SJST* Why isflmjoing water not liable to become stagnant f 

Because its currents carry away all contamtnaiinf 
substam^ces to the sea. 
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Bpring mtn sparkles. Bsin water, whj soft 

81d8 What makes water btibbk and sparklet 

The air or gas contained in it. 

889 Why does soc^ watery especiaUyj hubUe f 

Because soap makes water tenacious, and prevents 
the bubbles from bursting as soon as they are formed. 

330 Whm soap-Uibbks are hkntm from apvpe, why do {key ascend? 

Because they are filled with the warm air of the 
lungs, which is lighter than cold air. 

831 Why is waier fresh from the weU or fotmktin more sparkling and 
refreshing ihan the same water afkr it has been for some Ume composed to 
theairt 

All spring and well waters contain atmospheric aivy 
oxygen, and carbonic acid gases, dissolved in them. 

The amount of these substances contained in water, depends upon its 
temperature, cold water dissolving and retaining a larger quantity than 
warm or tepid waters. When cold waters from springs or fountains are 
exposed to the air, they become eleyated in temperature, and the gases 
contained in them escape, rendering the water flat and insipid. The 
principal agent in imparting a sparkle and freshness to water is atmo- 
spheric air, and not carbonic add, as is often supposed and taught The 
quantity of carbonio add present in ordinaiy spring waters is generally 
inocmsiderable. 

332 Why is it difficuU to wash with Jiard water? 

Because the water contains saline matters, which 
deprive the water of a part of its solvent power. 

333 Why is ii difficuU to wash wi£h soap in saU water? 

Because soap is insclvhle m salt waier. 

334 Why does waUr deem dirty Unen ? 

Because it dissolves the stams as it would dissolve salt 

836 Why does soap greaHy increa>se the cleansing potoer of water? 

Because many stains are of a greasy nature ^ and titie 
alkali of the soap has the power of tt/nitmg vyvth greasy 
matters, and rendering them soluble in water. 

333 WhyisraiffiwaJt&rsoft? 

Because it is not impregnated with earths and wn^ne-* 
rdls. 

837 Why is it more easy to wash wUh soft wakr than wUh hard? 
Because soft water vnites freely with soap and dis- 
solves it ; in hard water the soap is either insoluble or 
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"becomes decomposed. The solvent power of water 
increases also with its purity or softness. 

38S When we wash wUh soap in water what chemical action takea 
pla:e? 

Tlie soap is resolved into ^ fatty svistance and an 
alkali; the alkali dissolves most of the organic sub- 
stances which constitute the dirt which we wish to 
remove, and the greasy matter effects by its lubricity 
an easy washing away of the dissolved matter from 
other substances. 

339 Why do wood ashes render hoard water soft t 

Because they contain a ^pcwerfvl alhdi — ^potash, 
wliich removes or neutralizes those impurities in the 
water which rendered it hard and unfit for washing. 

340 Why does sugar or saUgioe a flavor to water f 

Because the sugar or salt (being separated into very 

minute particles) floats about in the water, and mixes 

with it intimately. 

3'^X Why does hot water dissolve sugar and sdU more readily than 
cold waier f 

Because the heat of the water assists its solvent ac- 
tion^ and opens for the water a passage through the 
particles of the substance. 

84:13 Why is the sea saUt 

The sea has undoubtedly derived all its salt and 
other soluble mineral substances by washings from 
the lamd. The streams that have flowed into it for 
ages have been constantly adding to its quantity, until 
it has acquired its present condition. 

3*^3 Why is not rain water saU, although most of it is evaporated 
frmn the sea t 

Because salt will not evaporate^ and therefore when 
sea water is turned into vapor, its salt is left behind. 

8<t4 Is there mare or less ofsaU in every spring^ river, or lake t 

The saline condition of sea water is but an exagge- 
ration o£ that of all ordinary lakes, rivers, and springs ; 
they all contain more or less ^ salty but their contents 
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are continually changing and discharging themselves 
into the sea ; therefore the salt does not accumulate. 

S46 Is every lake into which rivers flaw^ and from which there is no 
outlet except by evaporation^ a saU lake f 

It 18; and it is curious to observe that this conditiou 
disappears when an artificial outlet is provided for such 
waters. 

Such lakes are the Dead Sea, the Caspian, the Sea of Aral, and the 
Great Salt Lake of Utah, the saltness of aU of which exceeds that of tho 
ocean. 

34B What good purposes does the presence qfso much saU in (he ocean 
subserve f 

It depresses tJiefreezmg point of the water many de- 
grees, tnereby diminishing the dangerous facility with, 
which fields of ice are formed in the polar regions ; it 
also aids in preventing the corruption of the water by 
the accumulation of animal and vegetable remains. 

847 What are the substances extracted from the earth which we find 
in sea water f 

The most abundant substance is common salt ; next, 
certain combimMions of magnesia^ then salts of limey 
with small proportions oi potash^ vron^ iodine^ and hro- 
m/me. 

848 Are these svhstances fownd in most springs f 

With the exception of iodine arid bromine, they may 
be found in small quantities in almost all springs and 

rivers. / 

340 Are those substances which we caU impurities in waier of any ser^ 
vice to animal or vegetable systems t 

They give to water its freshness and sfparTdvng pro- 
perties ; pure distilled water is very disagreeable to 
drink ; these substances are also generally beneficial to 
the systems of plants and animals, and are absorbed by 
them with the water. 

360 Does water form part of the composition of most bodies f 
It enters directly into the composition of nearly aU 
crystdlUzahle bodies and most organic compovmds. 

861 If the waters of the ocean were not agitated by winds, currents, 
and tidesy what would be the effect f 
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The water would become stagncmt, 

868 WiU waier corUamincUed with animai and vegdabk maUer under 
some circumstances pur^ itself 

Water contaminated with animal and vegetable mat- 
ter, if kept for Bome time, nndergoes a spontaneous 
purijicatton^ losing its oflTensive odor and color, and 
depositing more or less sediment. Water, for the sup- 
ply of ships, is well known to undergo this process of 
purification by fermentation ; and the larger the quan- 
tity of destructible matter suspended in it, the more 
complete and rapid is its purification. 

863 Whaiisaiidet 

A tide is a warn qf the whole ocecm, which is elevated 
to a certain height, and then sinks, after the manner 
of a common wave. 

364 WTiai is {he cause of tides 1 

The attroLdion of the sun and moon upon the waters 
of the ocean. The moon being nearest to the earth, 
her attraction is six times greater than that of the sun. 
This attraction of the moon raises the waters of the 
ocean as they come under her influence by the motion 
of the earth on its axis. 

366 How many tides are there in a day f 

Two in every lunar day — ^a period of 24 hours 49 
minutes. 

363 What tides are ihe highest f 

The spring tides. 

367 Why are they higher than at other periods? 

Because the sim amd moon are then in such a posi- 
tion that they exert their influence together. For every 
five feet of height in tide produced by the moon, the 
influence of the sun adds one foot. 

368 What are neap Odes t 
Low tides. 

369 Why are neap tides lower than other tides t 

Because then the sun and moon have such positions 
that their attractive influence is opposed to each other ; 
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and for every six feet of the moon's tide, the opposite 
attraction of the sun takes away one foot. 

SGO Uowfast does the tide wave move t 

The rate of movement of the tide wave depends 
upon the nature and depth of the sea bottom. With a 
depth of one fathom, its rate is eight 7nUes per hour / 
and vn\\\ one hundred fathoms, eighty miles j^ hour, 

SSI Does the heighi of the same tide vary in differerU places f 

Tlie height of the tide in different places depends 
much on the conjlguration of the laiid; the same tide 
may rise in one place three inches, and in another 
place thirty feet. 

SSJ3 At wkai period during the day is it high water f 
When the moon passes the meridian — that is, when 
it is nearly vertical over the place — the sea is elevated 
to the greatest extent, and it is said to be high water. 

863 When is it low water f 

When the moon is upon the horizon^ or about six 
hours after high tide. As the moon passes the meri- 
dian below the horizon, another elevation occurs, so that 
we have the ebb and flow of the tide twice every day. 

S04 How much later does the tidal eth and flow occur each day t 

The time becomes later eveiy day by about ^fty 
and a half minvles^ which is the excess of a lunar aay 
above a solar one: 28^ minutes of the former being 
equal to 27^ minutes of the latter. 

865 Wliat is the cause of ordinary sea waves t 

The wind^ pressing xmequally on the surface of the 
sea, depresses one part more t&an another ; every de- 
pression causes a corresponding elevation, and these 
undulations are called wames. 

It must be remembered that wavea4iave no other than a vertical two- 
<«m, i.e, up and down. Any substance, as a buoy, floating on a wave, 
is merely elevated and depressed alternately; it does not otherwise 
change its place. 

8Q6 If waves art stalumary^ and only m/yoe up anddown^ why do they 
seem to advance towards the shore t 

This is an ocular deception. When a corkscrew is 
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turned round, the thread appears to move forward; 
and the apparent onward motion of the waves of the 
sea is a similar delusion. 

- 367 What is the cause of breakers t 

The interference of rocks or rising hanks in the sea 
with the regular form of the wave, by which the out- 
line or curve of the wave is broken. 

868 Whai causes (he spray of waves f 

Tlie vnnd driving the sfwrface of the waier from the 
top of the wave, and scattering the small particles in 
all directions. 

36e What is the surf 1 

"When the shore runs out very shallow for a great 

extent, the hreakers are distingmshed by the name of 

surf. 

870 WhxU do toe know concerning the magnUude and velociiy of ocean 
waves? 

On the Atlantic, during a storm, the waves rise to a 
height of about farty-ihreefeet above the hollow occu- 
piea by the ship ; the total distance between the crests 
of two larffe waves being 559 feet, which distance is 
passed by me wave in about seventeen seconds of time. 

37^ WUh what velocity is it esivmated that such storm waves as the 
above described travetf 

At the rate of about thirty-two mUesper hour. 

A wave is a form, and not a thing; the form adyancea, but not the 
svbstwMx of the waves. 

37S If a cock at the extremity of a pipe he suddenty closed white water 
is running through^ why is a noise and shock produced f 

Because ih^ forward motion of the whole body of 
the water contained in the pipe beinff vnstanH/y arrested^ 
and the momentum of a liquid bem^ as great as that 
of a solid, the water strikes the cock with as much force 
as if it were a long bar of metal, or a rod of wood hav- 
ing the same weight and vehdiy as the water. Then, 
as a fluid presses equally in all directions, a leaden 
pipe of great length may be widened, or even burst in 
the experiment. 
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CHAPTER II. 

8PB0IFI0 QBAvnr. 
873 Why does ice float upon water? 
Because it is lighter than water. 

374 Why does iron sink in waiert 

Because it is hecmer than water. 

375 If ioe put apiece of ice in alcohol, it sinks; if ioepui a piece of 
iron upon quicksUveTf it floats : why is ffUs t 

Because the ice is heavier than the alcohol, and the 
iron is lighter than the quicksilver. 

373 Whai do we mean, when we say thai ice is lighter (han ironf 
We mean that, taking eqtcal hdlca of each, the former 
weighs less than the latter; and when we say that 
quicksilver is heavier than water, we mean that, in 
equal veluines^ as a pint, for instance, the quicksilver 
has a greater weight than the water. 

377 What, then, is specific gravity t 

It is the weight of a body compared with the weight 
of an eqital bulk of water. 

378 Ebw does it differ from ordinary or absokiie weight t 

In absolute weight no regard is paid to tiie volume or 
bulk of substances. In specific weight, a given bulk 
or volume is compared with an equal volume or bulk 
of water. 

370 What body has t?ie greatest specific weighit 

Pwrified platina^ which is 22 times heavier than an 
equal bulk of water. 

380 Whai substance has the smallest specific weight t 

Hydrogen gaSy being 0*00008 lighter than an equal 
bulk of water. 

381 Why win an egg float in strong "brine, and not in fresh waier t 
Because the sdution of a solid in any liquid increases 

its density or its specific gravity : the addition of salt 
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to the water, renders the specific gravity of the brine 
greater than that of fresh water, or of the egg. 

SSS How do cooks sometimes (iscertain if their brine he saU enough for 
pickling f 

Tliey pnt an egg into their hrme. K the egg sinksy 
the brine is not strong enough j if the egg ^^ocUSj it is, 

383 Why ioiU an egg sink^ if the brine be not strong enough for pick- 
ling f 

Because an egg will be the heavier ; but if as much 
.salt be added as the water can dissolve, an egg will be 
lighter than the strong brine, and consequently float on 
the surface. 

334 Why is it more easy to swim in the sea than in a river f 

Because the specif gravity of salt water is greater 
than that of fresh; and, therefore, it Imoys up tiie 
swimmer better. 

385 Why do persons sink in water when they are unskUfui swimmers f 

Because they struggle to keep their head aid of water. 

383 Explain Turn this is t 

Wlien our head is thrown back boldly into the water, 
our mouth is kept above the surface^ and we are able 
to breathe ; but when the head is kept abaoe the sur- 
face of the water, the chin and moutn sink heneath it, 
and the swimmer is suifocated. 

This may be illustrated thus : — ^If a piece of wood be of such specific 
gravity that only two square inches can float out of water, it is manifest, 
that if two other inches are raised out, the two former inches must be 
plunged iTL The body (in floating) resembles this piece of wood. If 
two square inches of our /ace float out of tiie water, we can breathe; but 
if part of the back and crotvn of the head are raised above the water, the 
lower part of the &ce will be depressed beneath it 

387 Why cam, quadrupeds swim more easily fhan man t 

1. Because the trunk of quadrupeds is lighter than 
water, and this is the greater part of them ; and 

2. The position of a beast (when swimming) is a no- 
twrcH one. 

388 Why is it more difficuUfor a man to swim fhanfbr a beast f 

1. Because his body is more heavy in proportion 
than that of a beast ; and 



Digitized 



by Google 



64 8CIENCK OF COMMON THINGS. 

How flshee aseend and descend in water. Life boats. Cream on milk. 

2. The position and muscular action of a man (when 
swimming) differ greatly from his ordinary habits ; but 
beasts swmi in their ordinary position. 

883 Why can fed men swim more easily than spare menf 

Because ^at is lighter than water; and the fatter a 
man is, the more iuoya/nt will he be. 

890 How are fishes able to ascend to (he surfiice of water t 

Fishes have an adr^ladder near the abdomen ; when 
this bladder is iUled with air, the fish increases in size 
and (being lighter) ascends through the water to its 
surface. 

BOX Bow are fishes able to dive in a minute to (he bottom of a stream f 
They &jepel the air from their air-bladder; in conse- 
quence of which their siee is diminisJied, and they sink 
instantly. 

3923 Why does the body of a drowned person rise and float upon the 
surface several days after death f 

Because, from the ac(mmuUMon of gas within the 
body (caused bv incipient putrefaction), the body be- 
comes specifically lighter than water, and rises and 
floats upon the surface. 

393 How are lif&boats prevented from sinking f 

They contain in their sides air-tight ceUs, or hoxes 
filled with air, which by their buoyancy prevent the 
boat from sinking even when it is filled with water. 

394 The slaves of the West Indies have apian ofsteaUng rum from a 
caskf by inserting the long neck of a bottle^ fuM of water ^ through the bung, 
^m are they embkd in this manner to obtain tke rum t 

The mm is very much lighter than the waier / and 
as the heofoy water falls out of the bottle into the cask, 
tiie lighter mm rises to take its place. 

395 Why does cream rise upon milk f 

Because it is composed of particles of oilj/ or fatty 
matter, which are lighter than the toatery particles of 
the milk. 

39© Why do stale eggs float upon water f 

Because, by keeping, air is substituted for a portion 
of the water of the egg, which escapes. 
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337 Why does not a vessel construded of iron sink^ as the iron is much 
heavier than the water f 

Because the vessel is constructed in a concave form, 
and is thus rendered buoyant Every substance be- 
comes U^hter in water, in proportion to the amov/nt qf 
water displdced. This is a law of nature: if it dis- 
places less water than its weight in air, it sinks; if 
more, it floats. The ship, being concave, displaces a 
greater weight of water than the weight of the iron of 
which it is composed in the air. 

A thick piece of iron, weighing half an ounce, loees in water nearly 
<me-eighth of its weight ; but if it is hammered out mto a plate or vessel, 
of such a size that it occupies eight times as much space as before, it then 
loses its whole weight in water, and will float, sinlong just to the brim. 
If made twice as large, it will displace one ounce of water, consequently, 
twice its own weight ; it will then sink to the middle, and can be loaded 
with half an ounce weight before sinking entirely. 

808 Wh/y are stones^ grauel, and sand so easily rrwved hy waves and 
eu/rrenist 

Because the moving water has only to overcome 
about half the weight of the stone. 

309 Why can a stone which, on land, requires the strength of two men 
ioUftitj be UfUd and carried in water hy one manf 

Because the water holds up the stone with a force 
equal to the weight of the volume of water it dif^laces. 



CHAPTER III. 

CAPILLABY ATTRACTION. 



400 Why does waier meU sdU t 

Because very minute particles of water insinuate 
themselves into the jpores of the salt by capillary at- 
tractionj and force the crystals apart from each other. 

401 Why does water meU sugar t 

Because very minute particles of water insinuate 
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tliemselves into the pores of the sugar by capHZary 
attraction, and force the crystals apart from each 
other. 

402 WJiai is capillary aUractumt 
The power which very minute 
tubes possess of causing liquid to 
rise m them cibove its level. 

" Ob^ptZIory," from the .Latin word, "capil- 

laris" {Wee a liair) ; the tubes referred to are 

almost as fine and delicate as a hair. Water 

ascends through a Imnp of sugar or piece of 

sponge, by capillary attraction. 

N. B. The smaller the tube, the higher will 

_ the liquid be attracted by it Fig. 18 illus- 

Fiff. 18L trates the manner in which water will rise in 

tubes of different diameters. 

403 Why is vegeiaUon an the margin of a river more ktocuriarU than 
in an open field t 

Because the porous earth on the bank draws ujp wor 
ter to the roots of the plants by capiUary att/ract/ion. 

404 Why do persons who waier plants very often pour the water into 
the sattceTj and not over the plants t 

Because the water in the saucer is drawn up by the 
mould (through the hole at the bottom of the flower- 
pot), and is transferred to the stem and leaves of the 
plant by capiUa/ry oMradion. 

Because the arrangement of the fibres of the cotton- 
wick is such, that the whole forms a hvmHe of mimUe 
tvhes, in which the oil ascends and supplies the flame 
by capiUary atl/raction. 

406 Why does UotUng-paper absorb ink f 

The ink is drawn up between the minvU fbres of 
the paper by capiUa/ry attraction. 

407 Why win not writing or sized paper absorb ink t 

Because the sizvng^ being a species of glue into 
which writing papers are dipped, ^Zfo im the little in- 
terstices or spaces hetween the fibreSy and in tliis way 
prevents all capillary attraction. 

408 How does a sponge absorb water f 
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The vorea of the sponge constitute minute tvbea in 
which the water rises by capillary attraction. 

409 W\y does dry wood, immersed in waier, sweU f 

Because the water enters the pores of wood by capil- 
lary attraction, and forces the particles further wpart 
from each other. 

•410 Why does sugar or saU give a flavor to water t 

Because tha sugar or salt (being separated into very 

minute particLei) floats about the water, and mixes 

with it intimately. 

41X Why does hot waier dissolve sugar and salt more readily than cold 
wcUert 

Because the heat of the water assists its solvent ac- 
tion^ and opens for the water a passage through tlie 
particles of the substance. 



CHAPTER IV. 

THB GENERAL PBOPEBTIES OF AESIFOBM OB GASEOUS 
BODIES. 

41.8 What is the difference "between a liquid and a gas t 

The distinction between liquids and those more elas- 
tic fluids which we term air, gas, vapor, steam, etc., 
depends principally on heat and jpressitre. Thus, wa- 
ter, according to tne addition or subtraction of heat, 
may exist as a solid, ice ; as a liquid, water ; or as a 
vapor, steam. 

41.S Under what pressure of (he atmosphere is water converted into 
steam t 

Under the ordinary pressure of the atmosphere, wa- 
ter is converted into steam at 212 degrees, Fahrenheit's 
thermometer ; if this pressure is increased, it requires 
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a proportionably higher temperature ; if this pressure 
is diminished, the amount ot heat required is propor- 
tionably less. 

414: Bow many kinds of aeriform or gaseous bodies exist in nature? 

Those which, under common circumsta/ncea of tenv- 
perature cmd pressure^ are always in a gaseous state, 
as common air ; and those which become gases chiefs 
at high temperat/wre^ as steam, or vapor of water. 

4dL6 Are aU gases invisible or cohriess Uke atmospheric air f 

Some gases possess color, but the greater number 
are colorless and invisible. 

416 Of whaiis atmospheric air composed? 

Principally of two ^es, oxygen and nitrogen^ mixed 
together in tbe following proportion : viz. one volume 
of oxygen to four of nitrogen. 

It must not be forgotten that the air contains small quantities of otlier 
gaseous substances also, as vapor ofwater^ carbonic addj and ammonicu 

417 Bo fhepariicks of which atmospheric air and other gaseous bodies 
are composed^ appear to have any cdhesiim between themselves ? 

The ultimate particles of which air and other gases 
are composed appear to be destitute of cohesion ; hence 
air has a disposition not only to sink down and spread 
out lateraUv, like liquids when unconfined, but also to 
expand ana rise upwards. 

418 Js (he air porous ? 

Yes ; in a very high degree. 

419 Ebw do we know this fact? 

Because air readily yields to pressure, and a great 
bulk of it may be forced to occupy a very small space. 

420 Js air also impenetrable ? 

Yes ; beyond a certain limit it cannot be compressed. 

4J31 Ebw much lighter is steam than ordinary air ? 

Steam has but little more than half the weight of 
atmospheric air ; and hence it rises and floats in the 
air as a cork rises and floats in water. 
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CHAPTER V. 

THE ATMOdFHEBE. 
4:83 WhcU do we wnderstand by the aimosphere f 

The thin transparent fluid which snrronnds the earth 
to a considerable height above its surface, and which, 
by its peculiar constitution, supports aminal life by 
respiration, and is also necessary for the due exercise 
of me vegetable fimctions. 

423 Js ike tOmosphere imnsibkt 

It is generally, but erroneously, so regarded. The 
atmoyphere is not invisible. 

^tS&^ Bono can youprove thai (he atmosphere is not inoisiUef 

Because when we look upwards into the firmament on 
• a clear day, the space appears of a/n azure or clear color. 

This color belongs not to an3i;hing which occupies the space in which 
the stars or other celestial objects are placed, but to the ma^ of air 
through which the bodies are seen. 

4SS Why do distant mountains appear blue f 

Not because it is their color, but because it is the 
color of the air through which they are seen. 

4Se Eds air weight? 

It has ; as well as lead, stone, or any other material 
substance. 

42*7 Myw can (his he readihf proved t 

By weighing a vessel filled with air, and the same 
vessel after the air has been exhausted from it. 

4S8 Can the existence of air he known by the sense of touch orfeeHng t 

It can ; since it opposes resistance 'When acted wpon^ 
and strikes with a K)rce proportionate to the speed of 
its motion. 

4:S& Why do we ahjoays feel a breeze on the deck of a steamboai in 
moHoTi, even upon the calm/est day f 

Because our bodies forcibly displace the air as we 
are carried through it. 

4 
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480 How are waves of the ocean produced t 

By the force of the air in motion^ or wind strikiiig 
upon the surface of the water. 

431 Ootdd a bird fly in a apace devoid of axr^ even if U could exist 
ioHhout resptraUonf 

It could not ; as the bird rises simply bv the resist- 
ance of the particles of air to the beating of its wings. 

432 Bow dowehnowihaiairiaekLsttef 

Because a volume of compressed air, the pressure 
being removed, inunediately restores itself to its origi- 
nal bulk. 

433 When is air said to he rarefied f 

When a given quantity of air is caused to expand 
and occupy a greater space, it is said to be rarefied. 

When a {Mirt of the air inclosed in any veesel is withdrawn, tliat which 
remains, expanding hj its elastic property, always fills the dimensions of 
the vessel as completely as before. If nine-tenths were witlvirawn, the 
remaining one-tenth would occupy the same space that the whole did 



434 W?uU is ihelieigM of (he aimospJiere above the surface of iheearihf 

It is supposed to be about 45 miles ; the zone or shell 
of air which surrounds the earth to the height of nearly 
21 miles frora its surface, contains one3ialf of the 
atmosphere ; and the remaining half being relieved of 
tiiis superincumbent pressure, expands mto another 
zone or belt of the thickness of 41 or 42 miles. 
Some authorities suppose this last zone to have a much greater area. 

436 What is (he weight of air compared with that ofwaier t 

Water is about 840 times the weight of air, taken 
JyvHTcfoT hiUc. 

433 What is the estimated weight of (he whole aimospTiere enveloping 
ihe globe f 

To the weight of a globe qf lead sixty miles in dia- 
meter. 

437 As air has weight, and as the mass of it extends at least 46 mHea 
above the earOCs surface, what amount of pressure does it exert t 

At the level of the ocean the atmosphere exerts a 
pressure of about 15 ]po\mds for every s^are inch of 
9wrfaoe, 
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4:38 If ihtair were condensed, so as to occupy no more space fhan Ihe 
9ame weight qfwakr^ to how great on ekvaiion above ihe earth would it 
extendf 

To an elevation of thwty-fawr feet. 

489 In whai direction is the pressure o/ihe atmosphere eocertedt 

It is the nature of a fluid to transmit pressure in every 
direction equdUy ; therefore the air presses vpwardsj 
dovmnjoaras^ hUeraUy^ and obliquely ^ with the same 
force. 

^AO How great a pressure is exerted by (he air upon ihe body of a 
man, or animai having a surface of 2000 squareinchest 

Kot less than SOfiOOjmtndSj or dbot^ 15 tons. 

441 Why is not ffie individual crtished heneaih so enormous a load? 

Because the atmospherej?re6«^ equally in aU direo- 
tions, and our bodies are fRed withtiqmds capable of 
sustaining pr^ure, or with air of the same density as 
the external air; so that the eoe^emal pressure is met 
and counteractea by the internal resisUmce. 

448 What would he the effect upon a man or animal if at once 
rdievedofaU atmospJieric pressure t 

All ihe blood 2xAfmds of the body would he forced 
by esopansion to the swrface^ and tlie ammal would burst. 

443 Whaidowemeanhyavacwuim^ 

A space devoid of aU matter ; in g&ierslf we mean 
\>y ^ vacuum, a space devoid of air. 

444 Can a perfect vacuum he produced artifidaSy f 

No ; but confined spaces may be deprived of air 
sufficiently fpr all experimental or practical purposes. 

446 Are ihere any instances of a vacuum in naturef 

There is no reason for supposing that the spaces 
which exist between the various planets and other 
heavenly bodies, are occupied with any material sub- 
stance. 

443 Js the existence of air necessary to ihe production of sound? 

It is; in a vacuum there can be no soimd; and on 
the top of high mountains, where the air is greatly 
rarefied, as on Mont Blanc, the report of a pistol can 
hardly be heard. 
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^A^ WhyisUoftenpair^anddifficuUiobreaO^ 

Because, owing to liie extreme rarity of the air on 
the top of liie moontain, a person, although expanding 
his chest as much as nsnal, really takes in only h^ 
as much air as he does when at the foot of the moun- 
tain. 

4b^& ]Jihe^psheappUed1o1h6h(ukof1hehandtCa^ 
in 90 08 io produce a paarUal vacwum in the mautht why wiU ihe akin be 
drawn or sucked in f 

Not from any force resident in the lips or the mouth 
drawing the slan in, but from the fact that the usual 
extemiS pressure of air is removed, and that the jfn'es- 
surefrom withm the shin is suffered to prevail. 

4A9 How is ahoy enabkd to Hfi a stone ly means of ihe common 
suckert 

The sucker consists of a disk c(f moistened leather^ 
with a string by which it may be suspended with any 
weight attached to it. K its smooth moist surface be 
pressed so closely against the flat side of a stone or 
other body that tne air cannot enter between them, the 
weight of the atmosphere pressing upon the upper sur- 
face of the leather makes it adhere so strongly, that a 
stone of weight proportioned to the extent of me dusk 
of leather may be raised by lifting the string. 

460 Eow are flies and other smaB insecis enaMed to waUk on ceilings 
and mrfiues presented downwards^ or upon smooOh panes of gUas in an 
upright position t 

Their feet are formed in such a maimer that thej 
act as small air-pumps or stcckersj excluding the air 
between them and the smface with which they are in 
contact ; and the atmospheric pressure keeps the animal 
in position. 

461 Why in hreaihing do we first draw in ihe breathy as His iermedt 

Because by so doing we make o/n enlarged space in 
ihe chesit^ and tiie jpressv/re of the external atmosphere 
forces the air in to fill it. 

The air enters the lungs, not because they draw it in, but by the weight 
of the atmosphere forcing it into an empty space. 

462 Hiov3 is iJie air caused io escape Jrom the lungs 9 

Simply by means of its elasticity ; the lungs by 
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miiscTilar action compress the air contained in them, 
and give to it by compression a greater elasticity than 
the air without. By the excess of the elasticity it is 
propelled, and escapes by the mouth and nose. 

^53 Why does a botUe or jug gurgle when Uquid is freeJy poured 
from at 

On account of the pressure of the atmosphere forcing 
mr into the interior of the bottle. In the first instance, 
the neck of the botfle is filled with liquid, so as to stop 
the admission of air. When a part has flowed out, and 
an empty space is formed withm the bottle, the atmo- 
spheric pressure forces in a bubble of air through the 
liquid in the neck, which, by rushing suddenly into the 
interior of the bottle, produces the soxmd. 

4:C4 How long mil a hotde conHnue to gwrgU t 

So long as the neck continues to 'be choked with limiid. 
But as the contents of the bottie are discharged, the 
liquid, in flowing out, only partially fills the neck ; and, 
while a stream passes out through the lower h^f of the 
neck, a stream of air passes in through the upper part. 
The flow being now continued ana uninterruptea, no 
sound takes place. 

405 Does air exiei in water f 

Water, and most liquids exposed to the air, absorb a 
greater or less qucmtUyy which is maintained in them by 
the pressure of the atmosphere acting on the surface. 

•466 Why is boiled water flai and insipid f 

Because the agency of the heat eaypds the mr which 
the water previously contained. 

457 CJovld fishes and other marine animals live in waJLer deprived of 
airt 

They could noty as they breathe the air contained in 
the water. 

458 Why do ale, porter, and cider froih, and champagne sparkle, when 
uncorked and poured into an open vessel t 

When these liquors are bottled, the air confined 
under the cork is condensed, and exerts upon the sur- 
face a pressure greater than that of the atmosphere. 
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This has the effect of holding, in combination with the 
liquor, air or gas which, under the atmospheric pressure 
omy, would escape. If any air or gas rise from the 
liquo^after being bottled, it causes a still greater con- 
densation, and an increased pressure above its surface. 
When the cork is drawn from a bottle containing-liquor 
of this kind, the air fixed in the liquid, being released 
from the pressure of the air which was condensed under 
the cork, instantly makes its escape, and, rising in 
bubbles, produces effervescence and fix)th. 

463 Why do bottles containing ale^ cider^ porter^ <fcc, frequenUi/ 
burst? 

It is the nature of these liquids to produce gas or air 
in considerable quantities, the elastic farce of which 
sometimes becomes greater than the cohesive stren^h 
of the particles of matter composing the bottle, which 
then necessarily gives way, or bursts. 

4:©0 Why does one kind of liquor froth, and another kind only sparkle f 

Those liquors only which are viscid^ ghdvnous^ or 

thick^ frothj because they retain the little bubbles of 

air as they rise ; while a thin liq iior, like champagne, 

suffers the bubbles to escape readily. 



CHAPTEE VI. 

ATMOSPHERICAL PHENOMENA. 



461 What designation do we give to that department of science which 
treats of the various phenomena of the atmosphere t 

Meteorology. 

4©S Em is {he air heated f 

In two ways ; either by the rays of the sun passing 
through it, or by the heat communicated to it by the 
earth. 



Digitized 



by Google 



6CIE27CB OF OOMMON THIKG8. 75 

Air, how heated and cooled. Origin of wiodk 

^^63 In what maimer is ^ air heated by the earihf 

The srm heats the earth, and the earth heats the air 
resting upon it ; the air thus heated me*, and jjp suc- 
ceeded by other avr, which is heated in a similar way, 
till the whole volume is warmed. 

4Q4: Bow isihecUr made coldf 

The air resting on the earth is made cold by contact ; 
this cold air mafcas the air dbaoe it cold ; and cold cur- 
rents (or winds) cause the whole to mix together, until 
all becomes of one temperature. 

4:G6 Whai ^ed is produced vp(m air by cold 9 

It is condensed or compacted into a smaller compass ; 
in consequence of whicn it becomes heamer, and de- 
scends towards the groxmd. 

466 Ffcm thai the air is condensed by cold. 

Lay a bladder half fall of air before a fire, till it has 
become inflated : if it be now removed from the fire, 
the bladder will coUame again, because the air con- 
denses into its former bulk. 

467 Whai^eds has heai upon odrt 

. Heat rarefy or makes it lighter ; that is, a quantity 
of air heated will occupy more space than the same 
quantity which has been cooled. 

468 Whaiismndf 

Wind is airjmt in motion. 

469 What occasions those movements of the air which we caU windf 

The principal cause is the variation of ternperature 
produced by the alternation of day and night and the 
succession of the seasons. 

470 How can winds originate through variations of temperaiure f 

When through the agency of the sun a particular 

Sortion of the earth's surface is heated to a greater 
egree than the remainder, the air resting upon it 
becomes rarefled and ascends, while a current of cold 
air rushes in to supply the vacancy. Two currents, the 
one of warm air flowmg out, and the other of cold air 
flowing in, are thus continually produced ; and to these 
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movements of the atmosphere we apply the designation 
of wind. 
4:71 Does (he wind dways Uow f 

Tes ; there is always some motion in the air ; but the 
violence of the motion is perpetually varying. 

473 Does ike rotation of Uie earffi upon its axis affect (he motion of 
fhtairf 

Tes, in two ways: 1. As the earth moves round its 
axis, the thin movable air is left somewhat hehi/ndy and 
therefore seems (to a stationary object) to be blowing 
in the opposite direction to the earth's motion ; and 

2. As tJie earth revolves, differe/nt portions of its sur- 
face are continually passing under the vertical rays of 
the Sim, 

473 When are (he rays of (he sun called vertical rays t 

When the sun is in a direct line above any place, his 
rays are said to be " vertical " to that place. 

474 When the sun is vertical or nearly over head <U any place^ whai 
time of day is it at ihatplacet 

Noon. 

4:76 How does a change m the heat of air produce windf 
The ab always seeks to preserve cm emiilibriAmi ; so 
cold air rushes into the void made by the upward cur- 
rent of warm air. 

47Q Why does not the wind dtvoays Uow one way, following the direc- 
Oonofthesunt 

Because the direction of the wind is subject to per- 
petual inteiTuption from hiUs and valleys^ desertSy 
seas, &c. 

4b77 Ebw can hiBs or Tnotmiains affect or change the direction and course 
ofihemndf 

K a current of air, blowing from a particular direc- 
tion, strike against the side of a mountain, it will neces- 
sarily be deflected from a straight line, and must either 
ascmd the mountain, turn hach, or assume a laieraZ 
di/rection, 

478 Why are those winds which Uow over, large continents or tracts 
of land generally dry t 
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Because in their passage they absorb very UtCl^ water ^ 
as they do not blow over large oceans. 

Because the wind or frost absorbs tiie moigtwre from 
the surface of the skin ; and thia action of wind or 
frost jprodnices a himd (f i/nfmnmaiion, on the %hm. 

were removed^ 

Without doubt. If the whole earth were covered 
with water J the winds would always follow the sun^ 
and blow uniformly in one direction. 

481 Do winds ever How regtdarlyf 

Tes, in those parts of the world which present a 
large surface of waiter^ as in the Atlantic and Pacific 
Oceans. 

•482 WUk what vehcUy do winds move t 
Efcery grad/uaUon exists in the speed of winds, from 
the mildest zephyr to the most violent hurricane. 

483 Wiihuihai velocity does a wind which is hardly perceptible move f 
With a velocity of about one mile pe/r hawr^ and 

with a perpendicxdar force on one square foc^ of '005 
lbs. avourdupois. 

484 Xn a genUe windf what is (he vdocUy and estimated pressure t 

YrGxafowr tojime mUesper hofwr^ and a force of "079 
to 123 lbs.* 

485 In a very brisk windy what is fhe ffehcity andpresswe f 

From twenty to twenty-Jhe tmiesjper hour ; force 1*9 
to 3-07 lbs. 

486 What is the velocity and pressure of the wind in a storm f 

From J^ty to siaity miles per hov/ty with a pressure 
of 7 to 12 lbs. 

487 JH a kurrtcane, what is (he estimated velocity and pressure f 

From eighty to one hundred miles per hoicr, with a 
varying force of 31 to 50 lbs, 

* In these estimates the pressure is computed per square foot in 
pounds avoirdupois. 

4* 
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MoTements of okmdk Trade winds and their location. 

488 Why do we aomeHmes see chuda ai one devaUon moving in one 
direction^ and ai another ekvoMon, ai Ihe same Urne^ others moving in a 
contrary direction f 

Because different earrervts of cdr exist at different 
elevations, moving in different directions, with different 
velocities. 

In 1839, An English aeronaut, at the height of 14,000 feet, encountered 
a current that bore him along at the rate of five mOes per hour ; but, 
upon descending to the altitude of 13,000 feet, he met with a oontraiy 
^(ond, blowing with a yelodfy of eig^fy miles per hour. 

489 Eow is the force of the wind ascertained f 

By observing the amotmt qfpressitre that it exerts 
npon a given plane smiace p^pendicftda/r to its own 
direction. 

If the pressure plate acts freely upon spiral springs, the power of the 
wind is denoted by the extent of their compression, and that weight will 
be a measure of their force, the same as in weighing by the ordinary 
spring-balance. 

480 What is an instrument for measuring the force of the wind catted t 

An Anemometer. 

491 Wluji are the constant winds which blow over the AUanOc and 
Pacific Oceans caUedt 

Thej are called " t/raderwvndaP 

493 Why are they caUedtrade^ndsf 

Because thev are very convenient to namgators who 
have to cross tne ocean, inasmuch as they always blow 
in one direction. 

493 In what direction do the irade^nds bhw t 

That in the northern hemisphere blows from the 
north-east ; that in the southern hemisphere from the 
south-east. 

494 Do trade^oinds blow from the north-east and south-east att the 
year round f 

Tes, m the open sea; that is in the Atlantic and 
Pacific oceans, for about 25° each side of the equator. 

495 Where do the trade-winds Uow with uniform force and constancy f 

In many parts of the Pacific embraced within the 
region of the trade-winds, a vessel may sail for a v>eek 
without altering the position of a sail or rope. 
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•4:96 Why doet a sea breeze fed eooit 

Because the sun cannot make the surface of the sea 
BO hot as the Icmd; therefore the au* which blows fix>m 
the sea is jcooler than the air of tJi^ land, 

407 Why is (here generally a fresh breeze from Vie sea during ihe 
summer and autumn mornings f 

Because land is more heated Try iJie sun than the sea 
is ; and the land air becomes hotter than that over the 
sea; in consequence of which the cooler sea air glides 
inland to restore the equilibrium. 

4eS8 Why are (he west winds in (he AUaniic States generally dryt 

Because they come over large tracts of land, and 
therefore absorb very little waiter; and being thirsty, 
tliev readily imbibe moisture from the air and clouds, 
and therefore bring dry weathefi\ 

4QS Whig is ihe north wind generally eoldf 

Because it comes from the polar regions^ over moun- 
tains of snow and seas of ice, 

600 Why are north winds generally dry / 

Because they come from colder regions, and being 
warmed by the heat of our climate, absorb moisture 
from everything they touch ; in consequence of which 
they are generdly dry. 

601 Wh/y are souffi winds generally warm f 

Because they come over countries warmer than our 
own, where they are much heated. 

eS03 Why are winds which How over a vast body of water generally rainy t 

Because they come laden with vapor: if, therefore, 
they meet with the least chillj some of the vapor is 
deposited as rain. 

603 Why is there often an evening breeze during ihe summer months f 

Because the earth radiates heat at sunset, and the 
air is rapidly cooled down by contact; this conden- 
sation causes a motion in the air, called the evening 
breeze. 

604 Why do south vnnds often bring rain f 

Because, coming from the torrid zone, they ai*e much 
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heated, and absorb water very plentifvUy as they pass 
over the ocean. 

606 How does (his aaxnmifor the rainy character ofsotUh vnnds f 

As soon as they reach a cold climate they are €071- 
densed, and can no longer hold all their vapor in sus- 
pension ; in consequence of which some of it is deposited 
as rain. 

&OQ Why are dry winds in (he spring monOis desirable and advan' 
tageous for agricuUurai operations t 

They dry the soU saturated with the moisture ol 
winter, break iip the heavy clods, and fit the land for 
the seed committed to it 

607 Why is a fine dear day sometimes overcast in a few minutes t 
Because some sudden change of temperature has 

condensed the vapor of the air i/nto clouds. 

608 Why are clouds sometimes dissipated very suddenly f 

Because some dry wind (blowing over the clouds) 
imbibes their moisture^ and carries it off in invisible 
vapor. 

6OG Why does wind sometimes bring rain^ and sometimes fine weather f 

K the wind be colder than the clovds^ it will condense 
their vapor into roMv ; but if the wind is warmer than 
the dauds^ it will dissolve them and cause them to dis- 
appear. 

SIO Whaiisahwrricanef 

The hurricane is a rema/rhMe storm wirnd^ peculiar 
to certain portions of the world. It rarely tekes its 
rise beyond the tropics, and it is the only storm to 
dread within the region of the trade-winds. 

611 Eow are hwrUwMS especially distinguished from othei^ hinds of 
if 



By their extent^ irresistible power, and the sudden 
changes that occur in the direcUon ot the wind. 

6IS Do any particutar portions of the tropics appear to he especiaUy 
visited with hwrricanes f 

In the northern hemisphere, the hurricane most fre- 
quently occurs in the regions of the West Indies ; in 
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the southern hemisphere, it occurs in the neighborhood 
of the MauritiKS. 

613 Do the hurricanes occur at particular seasons t 

The West Indian occur from August to October; the 
Mauritian from February to Ajnnl. 

&1A What have recent investigaiions shovm (he liurricanes to bet 
Fxtenswe storms of wind^ which revolve round an 
axis either upright or inclined to the horizon ; while 
at the same time the body of the stonn has a j^ogres- 
svve motion over the surface of the ocean. 

6X6 JUustraie more clearly the manner in which a hurricane moves t 

It is the nature of a hurricane to travel round and 
Townd as well as forward^ much as a corkscrew tra- 
vels through a cork, only the circles are all^^, and de- 
scribed by a rotatory wind upon the surface of the water. 

616 In whai direction would a ship revolving in (he circles of a hurri- 
cane find the wind f 

As the ship revolved, she would in turn find the 
wind blowing from every point of the compass. 

617 WluU is known concerning the distance travelled hy hurricanes f 

The distance traversed by these terrible tempests is 
immense. The great gale of August, 1830, which oc- 
curred at St. Thomas on the 12th, reached the Banks 
of Newfoundland on the 19th, having travelled moi-e 
than three thousamd nautical miles in seven days ; the 
track of the Cuba hurricane of 1844 was but little infe- 
rior in length. 

618 WTiat is known of their progressive and rotary velocity f 
Their progressive velocity is from seventeen to forty 

miles per hau/r ; but distinct from ihe progressive velo- 
city is the rotary, which increases from the exterior 
boundary to the centre of the storm, near which point 
the force of the tempest is greatest, the wind sometimes 
blowing at the rate of one hvml/red miles per hour. 

619 How great is the breadth of the hurricane t 

The surface simultaneously swept by these tremen- 
dous whirlwinds is a vast circle varying from one hun- 
dred tojhe hundred miles in diameter. 
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6dO Sow great is the sttrface over which they prevail t 

Mr. Redfield, of New York, has estimated the great 
Cuba hurricane of 1844 to have been not less than 
eiaht hundred miles in breadth, and the area over 
which it prevailed during its whole length was com- 
puted to be two million fcmr hundred thousand sgucure 
miles — an extent of surface equal to two-thirds of that 
of all Europe. 

6S1 Whai curious fad have maariners noticed when in (he centre or 
Xfortex of the hurricanet 

An awful calm prevails, described as the lull of the 
tempest, in which it seems to have rested only to 
gather strength for greater eflEbrts. 

6SS In what respect does a tornado differ from, a hurricane t 
Tornadoes may be regarded as hurricanes, differing 
chiefly in respect to their contin/uance and extent 

623 How long do they usuaUy last t 

From Jlf teen to seventy seconds. 

SJ34: What is (heir extent f 

Their breadth varies from Sifew rods to several hvmr- 
dred yards^ and the length ot their course rarely ex- 
ceeds twervty miles. 

6J36 Whai phenomena generdUy cUtend (hem t 

The tornado is generally preceded hy a calm and 
sultry state of the atmosphere^ when suddenly the 
whirlwind appears, 2?r^«^a^m^ everything before it 
Tornadoes are usual^ accompanied with thunder and 
lightning, and sometimes showers of hail. 

6SS What is supposed to he the origin oftomadoesi 

They are supposed to be generally produced by the 
lal&rcd action of an opposing wind, or the influence of 
a brisk gale upon a portion of the atmosphere in repose. 

6S7 Bow are (he eddies or whirlpools produced which occur in water, 
arid which in their formation resemJble some tornadoes t 

Eddies or whirlpools are most frequentiy formed in 
water when two streams flowing unequally meet. They 
may be seen at the junction of two brooks or rivers. 
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6S8 Bim are ffie wJUrkvinds which we frequenUy seeaiihe comers of 
sireeta in cities produced f 

They are caused by a ffust of wind sweeping round 
a comer of a building, and striking the cahn air be- 
yond it 

6d9 What is a waterspout f 

A waterspout is a whirhoind over the surface of 
wdter^ and mffers fipom a whirlwind on land in the fact 
that water is subjected to the action of the wind, instead 
of objects on the surface of the earth. 

630 Why does wirid generally fed cold t 

Because a consianih/^hanffing surf ace comes in con- 
tact with our body to draw off its heat 

tS31 Whatareiheejfectsof wind noticed in the Arctic regions f 

Arctic explorers inform us that in those regions, when 
the thermometer ranges from 40"* to 60** below zero, 
the cold of the extemS air is easily enduraMe^ provided 
the air is ealm and the individtud exercises freely / but 
if a wind arises at this temperature, the severity of the 
cold becomes too great for Tiv/ma/rh endurance. 

S33 IJiSh/G winds shmUd cease to blow over the ocean, what would he the 
effect f 

The water would undoubtedly become stagnant. 
Tempests and hurricanes also exercise a beneficial effect 
by a^tating and purifying the atmosphere, and sweep- 
ing from it the seeds of pestilence and contagion. 

G33' What are chudsf 

Moisture evc^porated from the earth, and again par- 
tially condensed in the upper regions of the air. 

634: What is the difference between a fog and a doud f 

Clouds and fogs differ only in one respect. Clouds 

are devoited above owr heads, but fogs come in contact 

with the smface of the earth. 

686 Why are ckmds higJier on a fine day t 

Because they are Ughter and m^ore Imoyant. 

636 Why are ckmds Ughier on a fine day t 

1. Because the vapor of the clouds is less condensed; 
and 
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2. Tlie air itself (on a fine day) retains much of its 
vapor ill an invisible form, 

637 Why do clouds float ae reatHly in the oir t 

Because they are composed of very minide plobtdes 
(called vesicles), .which (being lighter thau air) float 
like soap-bubbles. 

638 Are aU clouds cdHcef 

No ; they vary greatly in density^ heigJd^ and oolor. 

630 Whai is ihe chief cause of fog and clouds t 

During the daily process of evaporation from the 
surface of the earth, warm, humid currents of air are 
continuallv ascending; the higher they ascend, the 
colder is the atmosphere into which they enter ; and, as 
they continue to rise, a point will at length be attained 
where, in union with the colder air, their original 
humidity can no longer be retained : a cloud will then 
appear, which increases in bulk with the upward pro- 
gress of the current into colder regions. 

640 Bow do changes in (he wind produce chuds t 

If a cold cwrrefnt of wind blows suddenlv over any 
region, it condenses the invisible vapor of the air into 
cloud or rain : but if a warm current of wimd blows 
over any region, it disj^erses the clouds by ahsorbvng 
their vajpor. 

641 What distance are Ihe chuds from Ihe earth t 

Some thin, light clouds are elevated above the high- 
est mountain-top ; some heavy ones touch the steeples, 
trees, and even the earth ; but the average height is 
between one cmd two miles. 

Streaky, curling dduds, like hair, are often five or six miles high. 

648 What is the size of the clouds f 

Some clouds are m/iny square miles in surface, and 
above a mile in thickness / while others are only 2Lfew 
yards or inches. 

643 How can persons ascertadn the thickness of a cloud f 

As the tops of high mountains are generally above 
the clouds, travellers may pass quite thtough them into 
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a clear blue firmament, when the clouds will be seen 

'beneath their feet, 

&4:4z Why do douds, when not continuous over the wJiok surface of (he 
sky J appear jaggedj rough, and uneven t 

The ra/ys of the sun^ falling upon different surfaces at 
different angles, melt away one set of elevations, and 
create another set of depressions ; the heat also which is 
liberated from below m the process of condensation, 
the currents of warm air escaping from the earth, and 
of cold air descending fix>m above, all tend to keep the 
clouds in a state of agitation, upheaval, and depression. 
Under their various influences ih& masses of vapor 
composing the clouds are caused to assume all manner 
of grotesque and fanciful shapes. 

646 What effect have winds on the shape of clouds f 

They sometimes absorb them entirely ; sometimes 
increase their vohime and density ; ana sometimes 
change the position of their parts. 

S4© E&utj can winds absorb clouds aUogefher t 

Warm^ dry winds will convert the substance of clouds 
into inmsible vapor^ which they will carry away in 
their own current. 

C4:7 Bow can winds increase the JmOc and density of clouds t 

Cold currents of wind will condense the irwistble 
vapor of the air, and add it to the clovds with which 
they come in contact. 

648 Why is not the color of clouds dkoa/ysaJikef 

Because their sizey density ^ d^vA situation in regard to 
the sun are perpetually varying, so that sometimes one 
color is reflected and sometimes another. 

649 Why do the douds after sunset about the western horizon (^ten 
exhibit a beautiful crimson appearance f 

Because the red rays, of which the sun's light is in 
part composed, are less refrangible than any of the 
other colors. In consequence ot this, they are not bent 
out of their course so much as the blue and yellow rays, 
and are the last to disappear. 

For the sarhe reason they are the first to appea/r in 
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the morning when the 8im riees^ and impart to the 
morning clouds red or crimson colors. 




F12.19. 

Let us suppose, as in^^. 19, a ray of light, proceeding from the sun, S, 
to enter the earth's atmosphere at the point P- The red rays, which 
compose in part the solar beam, being the least refrangible, or the least 
deviated from their course, will reach the eye of a spectator at the point 
A ; while the yellow and blue rays, being refracted to a greater degree, 
will reach the surface of the earth at the intermediate points B and 0. 
They will, consequently, be quite invisible from the point A. 

S60 What is meant by being " less refrangtbler* 

Being less able to he lent Blue and yellow rays are 
more easily bent helow the horizon through the action 
of the atmosphere, but red rays are not so much hent 
down^ and therefore we see them later in the evening. 

C61 Whai is the cause of a red sunset t 

The vapor of the air not being actuaUy condensed 
into douds^ but only on \hQ point ofheing condensed. 

In the same manner, if light be transmitted through steam mmgled 
with air, and therefore on the verge of condensation, it assumes a deep 
orange or red color. 

CCS Why is a red and Towering sky at sunrise an indication of a wet 
day? 

The red and lowering appearance of the morning sky, 
which indicates foul weather, probably depends upon 
such an excess of vapor being present in the whole 
atmosphere that clouds are actually forming in the 
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higher regions^ or upon the point of condensation, which 
the rising sun cannot disperse. 

Hence our Lord's observation — " In the morning ye say, It will be foul 
weather to-day, for the sky is red and lowering." (Matt xvL 3.) 

653 Which 18 the most transparent^ dry or moist air t 

Air moderately moist is more transparent tlian very 
dry air. 

6C4: Wfiat is the cause of the haziness of Vie aimospJiere (luring that 
portion of the avivmn known as ifie " Indian Summer f " 

It is undoubtedly due to several causes ; partially to 
an excessive dryness of the atmosphere, and, in some 
degree, to the prevalence of smolce in the air arising 
from burning forests. But it is also a fact, ascertained 
within a few years, that the constitution of the atmo- 
sphere is changed in the autumn, and that solar light 
at that season has less chemical influence than at any 
other portion of the year. 

666 Wh!\i does the sun seen through a fog appear red f 
Because the red rays of light have a greater j>ower to 
pass through a thick, dense atmosphere than any of the 
other colored rays. 

666 Why does vapor sometimes form into chads, and sometimes rest 
upon the earth as mist or fog t 

This depends on the temperature of the air. When 
the surface of the earth is wa/rmeft tha/n the lower air^ 
the vapor oi the earth (being condensed by the chiU 
ail') becomes mist or fog. But when the Icnjoer air is 
wa/rmer tham, the ea/rth, the vapor rises through the air, 
and becomes cloud. 

667 Why do clouds often hoover around Tnountain peaks, when (he 
aJtmosphere el»ewhere is clear and free from clouds f 

It is caused by the wind impelling^ up the sides of 
ihe> mountains the warm hvmid ai/r of the valleys^ 
which in its ascent gradually becomes condensed by 
Ae cold, and its excess of moisture becomes visible, 
and appears as a cloud. 

668 Why are mndows at night often covered with thick mist, and the 
frames wet with standing water f 

Because the temperature of the external air always 
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HlBt OB windows Insensible penpiration. 



faUs at Bunset, and chiUs the window^lass with which 
it comes in contact. 

669 How does this accourUfor the mist and water on a window f 

As the warm vapor of the room totcohes the cold 
glass it is chilled ana condensed into mist, and the mist 
(collecting into drops) roUs dovm the window-frame in 
little streams of water. 

660 Does the glass of a window cool doton more rapidly than the air 
qf the room itsefft 

Yes ; because the air is kept warm hy fires and by 
the animal heat of the people in the room ; in conse- 

anence of which the air ot a room suffers 'cery little 
iminution of heat from the setting of the sun. 

661 Wh/mce arises iht vapor of a room t 

The air of the room always contains vapor ; vapor 
also arises from the breath and insensible perspiration of 
the inmates, from cooking and the evaporation of water. 

66!3 WJuU is meant by ^^ the insensible perspiraiion f* 

From every part of the human body an insensible 
and invisible perspiration issues all night and day, not 
only in the hot weather of summer, but also in the 
coldest days of winter. 

663 ff the perspiration he both it^se^sible and invisible, how is it known 
thai (here is any such perspiration f 

If you put jTour naked arm into a dea/n, dry glass 
tvbe, the perspiration will condense on the glass like 
mist. 

66*4: Why is a tumbler of cold water made quite duU wiffi mist, when 
brougJU into a warm room t 

Because the hot v(ipor of the room is condensed upon 
the cold tumbler, with which it comes in contact, and 
changes its invisible and gaseous form into that of dew. 

666 Why does breaJhvng on a glass make it quite duUt 

Because the hot breath is condensed by the cold 
glass, and therefore covers it with dew. 

666 Why are the wdUs of a house covered with damp in a suddeii 
thawt 

Because the walls (being thick) cannot change their 
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ierryperaiv/te as fast as the air ; in consequence of which 
they rdain their cold after the thaw has set in. 

€S©7 Scm does ^^reUUmng iheir cold" account for {heir being aoicetf 

As the vapor of the warm air touches the cold walls, 
it is chilled and condensed into water,, which either 
sticks to the walls or trickles down in little streams. 

668 Why is our breath visible in winter^ and not in summer t 

Because the intense cold condenses our breath into 
visible vapor^ but in summer the air is not cold enough 
to do so. 

6©D Why are owr hair and Vie brim of our hat often covered with Ut- 
Ue drops of pearly dew in winter-time t 

Because our breath is condensed as soon as it comes 
in contact with our cold hair or hat, and hangs there 
in little dew-drops. 

e$TO What are fogs t 

Fogs are visHle vapors that float in the atmosphere 
near the surface of tlie earth. 

S71 What is the cause of fogs t 

They originate in the same causes as rain — the union 
of a cool body of air with one that is warm and humid ; 
when the precipitation of moisture is slight, fogs are 
produced ; when it is copious, rains are the result. 

67S WTutt distinction is to be made between a mist and a fog t 

Mist is generally considered to be 2ijine rain, while 
fog is "Vc^or not sufficiently condensed to allow of its 
precipitation in drops. 

The term mist is also generally applied to vapors condensed on marshes^ 
rivers^ and lakes, while the name fog is often applied to vapors condensed 
on land, especially if those vapors are laden with sraoke. 

4S78 Why does not the fog become dew t 

Because the chill of the air is so rapid that vapor is 
condensed ^(awfer than it can be d^j)ostted, and covering 
the earth m a fog) prevents any further radiation of 
heat from the eartn. 

674 When the earth can no longer radiate heat upwards, does it con- 
tinue to condense the vapor of the air t 

No; the air (in contact with the earth) becomes 
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about equal in iemperat/wre with the surface of the 
earth itself; for which reason the fog is not condensed 
into dew^ but remains flooiUng above the ewrth as a 
thick cloud. 

676 This fog seems to rise higher and higher^ and yd remains guUe as 
dense below as at first : explain the cause of this t 

The air resting on the earth is first chilled, and chills 
the air resting on it ; the air which touches this new 
layer of fog beinff also condensed, layer is added to 
layer ; and thus me fog seems to be rising^ when (in 
fact) it is only deepening. 

67S Why are (here not fogs every fdghtf 

' Because the air will always hold in solution a cer- 
tain quantity of vapor (which varies according to its 
temperature); and, when the air is not saturated^ it 
may be cooled without parting with its vapor. 

fS'7'7 Whendofbgsoccw atnigJUf 

When the air is saturated with vapor during the 
day. When this is the case, it deposits some of its 
superabundwit moisture in the form of dew or fog as 
soon as its capacity for holding vapor is lessened by 
the cold night. 

67S Why is there very often a fog over marshes and rivers at nighc- 
time 7 

Because the air of marshes is almost always near 
salniration; and therefore the least depression of tem- 
perabwre will compel it to relinquish some of its moist- 
ure in the form of dew or fog. 

I570 Why does vapor someUmes form into clouds^ and someHmes rest 
vpon the earth as mist orfbgt 

This depends on the temperature of the air. When 
the su/rface of the eanih is warmer than the air^ the 
vapor of the earth (beinff condensed by the chill air) 
becomes mist ov fog. 5ut, when the ai/r is warmer 
than the eoHh^ the vapor rises through the air^ and be- 
comes cloud. 

680 If cold air produces fog^ why is it not foggy on a frosty morning f 
1. Because less vapor is formed on 2l frosty day; 
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and 2. The vapor is frozen upon the around before it 
tan rise from the earth, and becomes hoar-frost. 

eei Whaiisrainf 

Bain is the vapor of the clouds or air condensed and 
precipitated to the earth. 

682 In whcU manner is ihe vapor of (he air condensed so as to form 
rain? 

When two or more volumes of humid air differing 
considerably in temperature tmitej the several portions 
in union are incapable of absorbing the same amount 
of moisture that each could retam if they had not 
imited. The excess of moisture, if very great, is pre- 
cipitated as rain ; if in slight amount, it appears as 
clouds, fogs, or mists. 

CS83 Upon wTuU law does (fUs condeTtsaHon of vapor and formation of 
rain depend f 

Upon the law that the capacity of the air for mmst- 

ure decreases in a greater ratio than the temperature. 

684 Why does rainfaU in drops t 

Because the vapory particles in their descent oitt/ract 
each other ; and those which are sufficiently near unite 
and form into drops. 

The size of the rain-drop is increased according to the rapidity with 
whidi the vapors are condensed. 

tS&& Why does not the cold of night always coMse rain f 

Because the air is not always near saturation ; and 
unless this be the case, it will be able to hold its vapor 
in solution, even after it is condensed by the chilly 
night 

686 Why does a passing cloud often drop rain t 

Because the cloud (travelling about on the wind) 
comes into contact with something that chiUs it; 
and its vapor being condensed, faUs to the ea/rth as 
rami. 

687 Can {he air absorb moisture at dU temperatures^ and retain it in 
an invisible state f 

It can; and this power of the air is termed its 

capacity of absorption. 
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CSS How much moisture can a volume ofadrat 32** F. absorb f 
An amount equal to the htmdred and sixtieth part 
qfits own weight. 

CSD How does ihe capacity of air for moistuff^ increase with the iemr 
peraiuref 

For every 27 additional degrees of heat, the quantity 
of moisture it can absorb at 32° is doubled. Thus a 
body of air at 32"* F. absorbs the 160thjpart of its own 
weight; at 59"* F. the 80th; at 86° F. the 40th; at 
113 F. the 20th part of its own moisture. It follows 
from this that, while the temperature advances in an 
arithmetical series, the capacity is accelerated in geo- 
metrical series. 

650 In what situations is the air always saturated? 
Over the ocean and upon the adjacent coa^. 

651 WJiere is the absolute humidity of the atmosphere the greatest ? 

In the tropica^ where the temperature of tlie air, and 
its consequent capacity for moisture, is the greatest. 

SeS What is snow f 

The condensed vapor of the air frozen and precipi- 
tated to the earth. 

603 WhoA is the cause of snow t 

When the air is neariy saturated with vapor, and 
is acted on by a current of air below the freezing point, 
some of the vapor is condensed, and frozen into snow. 

A few years ago, some fishermen (who wintered at Nova ZemblaX 
after they had been shut up in a hut for several days, opened the window^ 
and the cold external air rushing in, instantly condensed the air of the 
hut, and its vapor fell on the floor in a shower of snow, 

694: What is the cause of sleet f 

When flakes of snow (in their descent) pass through 
a bed of air above the freezing point, they partiafly 
melt, and fall to the earth as half-meltea snow, or 
sleet. 

6©6 JBbw does snow prove beneficial to the earth in the cold season t 

It keeps the surface of the earth warm, protects vege- 
tation to a considerable extent from the cold, and acts 
as Si fertilizer. 
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How snow keeps the euth warm. Wbj snow Is white. 

5D0 Does snow keep ike earth warm f 

Yes, because it is a very had condicctor ; in conse- 
quence of wliich, when the earth is covered with snow, 
its temperature very rarely descends hdow the freezing 
pointy even when the air is fifteen or twenty degrees 
colder. 

S97 Why is snow a had conductor ofheai and cold t 

Because air is confined among the crystals, and air 
is a very had conductor ; when, merefore, the earth is 
covered with snow, it cannot throw oft' its heat by 
radiation. 

C08 Why is there no snow in summer-time t 

Because the heat of the air adjacent to the earth 
melts it in its descent, and prevents it from reaching 
the surface of the earth. 

&QO Why is snow white t 

Because it is formed of an infinite number of very 
minute crystals and prisms, which reflect all th« colore 
of the rays of light from different points, and these 
colors, ttniting before they meet the eye, cause snow to 
appear white. 

The same answer applies to salt, loaf-sugar, etc. 

BOO Under whai cvrcumsUmces does snow faR in large flakes^ and when 
inamaUf 

The largest flakes are formed when the air ahowids 
with vapor^ and the temperature is about 32° F. ; but 
. as th^ moisture diminishes, and the cold increases, the 
snow becomes finer. 

OOl Whai is the snow flake composed off 

Regulxj/r and symmetHcal crystals^ having a great ^ 
diversity of forms. 

60d Do we see the same crystals in ice f 

They exist in ice, but are so Mended together that 
their syrmnetry is lost in the compact mass. 

B03 Eow much more "bulky is snow than water f 

The bulk of recently-fallen snow iatenor t/welve times 
greater than that of the water obtained by melting it. 

5 



Digitized 



by Google 



94 SCIENCE OF COMMON, TIUNOS. 

Bed and green snow. What is hail ? Meteorites. 

S04: Does snow ever occur of any other appearance than white f 

Yes ; in the Arctic regions and on some mountains 
it is rea^ and occasionally green. 

e06 What is (he cause of Viese appearances f 

These singular hues are occasioned by little micro- 
scopio j)la7USj^w]neh germinate and live in the snow. 
They consist of little globules from j-^^^ of an inch to 
7777 <^f ^^ i^ch. Eacn globule is divided into seven 
or eight cells filled with a liquid, which gives a color 
to the snow, and is sometimes green and sometimes red. 

eoe WhaiishaUf 

Rain, which has passed in its descent ikrougK some 
cold hed of air^ and has been frozen into drops of ice. 

Q07 What makes one hed of air colder than anothe?- f 
It is frequently caused by electridtT/ uneguaUy dis- 
tributed in the air. 

QOS^ Bow can electricity make air cold f 

Air, when decirijied^ is expanded^ and expansion 
produces cold. 

SOD Why does hailfaU generally in summer cund autumn t 

Because the air is more higldy deciHfied in summer 
and autunm than in winter and spring ; and the vapors 
in summer and autumn (being rarefied) ascend to more 
elevated regions, which are coldefr than those nearer 
the earth. 

610 Is (he occurrence and formation of hail clearly understood? 

It is not; much information exists upon the subject, 
but no theory has yet been formed which satisfdctorily 
accounts for all the facts which have been observed. 

en What are meteorites f 

Meteorites are solid, luminous bodies, which from 
time to time visit the earth, moving with immense 
velocity, and remaining visible but for a few moments. 
Tliey are generally accompanied by a luminous train, 
and during their progress explosions are often heard. 

eiS WhatisanaeroUtet 

The term aerolite is given to those stony masses of 
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AeroUtes. Appearance. Compoelti<m. 

matter which are Bometimes seen to fall from the 
atmosphere. 

It is derived from the Greek words, asp (atmosphere), and \i6oi (a stone). 
A meteor is distinguished from an aerolite by the fhct that it bursts in 
the atmosphere, but leaves no residuum except a vapor-like smoke; 
while the aerolite, which is supposed to be a fragment of a meteor, comes 
to the ground. 

Jrom ^ cUmo^here t 

Their weights vary from a/ew ounces to several Kwnr 
d/red pomida^ or even tone. 

614 Ai whai fieigU in (he aimasphere are meteors euppoeed to 
appearf 

Their height above the earth has been estimated to 
vary from eighteen to eighty mUes. 

616 WWh what velocity do they move f 

The velocity of these bodies is somewhat more than 
three hundred miles j^ minute^ though one meteor of 
immense size, which is supposed to have passed within 
twenty-Ji/ve mUes of the earth, moved at the rate of 
twelve hwndred mMes^er minute. 

616 Whai is ih£ vakte of 8wih esUinaiesf 

Owing to the short time the meteor is visible and its 
great vSocitv, accurate observations cannot be made 
upon it; ana all estimates respecting their distance, 
size, etc., must be considered as only ajpjproQdmaiioTis 
to the truth. 

BIT W?iaiis{hegener<UappecaranceofaercUtesf 

Most of them are covered with a Uack shining crust, 
as if the body had been coated with pitch. When 
broken their color is ash-grey, inclining to black. 

Very many of the meteorites which have fallen at different times and 
in different parts of the globe, resemble eadi other so closely, that they 
would seem to have been broken from the same piece or mass of matter. 

618 Whai is their composition f 

Great numbers of aerolites have been analysed, and 
found to contain nineteen or twenty different elementary 
substam^ces. But for the most part they consist oimaUe- 
able iron and nickel. 
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Meteoric iron. Origin of meteors Shooting stars. 

©10 Do the aeroUies resemble in composition any other bodies upon 'the 
surface of the earth t 

They do not : malleable iron is ra/rdy if ever found 
in terrestrial evhstcmcea ; and metallic nickel does not 
occur upon the surface of the earth naturally. 

6SO What is peculiar to the composition of meteoric iron f 

It has a highly crystalline arrangement, so peculiar 
that it is especiauly distinguished by it. This arrange- 
ment of its particles enables us to decide upon Sie 
meteoric origm of masses of iron which are occasionally 
found scattered up and down the surface of the earth. 

621 Where have such masses been found t 

In the south of Africa, in Mexico, /Siberia, and on 
the roitte overland to California. Some of these masses 
ai'e of immense weight, and undoubtedly fell from the 
atmosphere. 

628 How are meteorites supposed to originate t 

Four hypotheses have been advanced to account for 
the origin of these extraordinary bodies : 1. That they 
are thrown up from terrestrial volcanoes. 2. That they 
are produced in the atmosphere from vapors ami gases 
exhaled from the earth. 3. That thev are thrown from 
Ivm/ir volcamms. 4. That they are of the sarrve natnire 
as the planets, either deriveu from them, or existing 
independently. 
©S3 Which of these hypotheses is regarded as m/ost probable f 
The fourth most fully explains the facts connected 
with the appearance of meteorites, and the third like- 
wise has some strong evidence in its favor. 

624 Jn what respect do shooting stars differ from meteors t 

Their altitude and velocity are greater, they are far 
more numeroits and frequefnt, and are vAfiOjCcompmded 
by any sovmd or explosion. Their brilliancy is also 
much i/nferior to that of the meteor; and no portion of 
their substance is ever known to have reached the earth. 

©25 What do we know concerning their altitude f 
Owing to their great number and frequency of occur- 
rence, many careful observations have been made upon 
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Origin of shootiiig stars. Zodiacal ll^t 

them ; their altitude is supposed to vary from six to 
four hundred and sixty miles, the greatest number 
appearing at a height of abovt seoervty mUes. 

626 What is iheir supposed velocity f 

It is supposed to range from sia^j/ to fifteen Kvmdred 
miles per minute, 

627 Are meteors and shooUng stars at aU times equally abundant t 

They are not; some may be seen every dear nighi^ 
bufc they appear to return at certain periodical epochs^ 
when they descend literally in showers. 

628 What are the periods when they may be noticed mostabundanUyf 

On the 9th and 10th of Augvst^ and the V2ith and 
ISth of November. 

They have also been noticed in unusual abundance on the 18th of Octo- 
b^, the 6th and 7th of December, the 2d of January, the 2dd and 24th of 
April, and from the 18th to the 20th of June. 

629 Bo the shooting stars appear to emanate from any particular pari 
of the heavens f 

The majority seem to start from a point in the con- 
Btellation of Leo, and undoubtedly far beyond the limits 
of our atmosphere. 

630 What is the zodiacal Ughtt 

It is a singular luminous appearance seen in the 
horizon before sunrise and after sunset, most conspicu- 
ously in the months of April and May. 

enervations made during the year 1855 seem to conclusively prove 
that the appearance known as the " zodiacal light " is occasioned by a 
ring of nebulous matter encircling and pertaining to the earth. 



OHAPTEE VII. 

THE PUMP AND BABOMETEB. 

631 Why^ when we suck up a liquid with a tube or straWy does the 
Uquid rise to the mouth f 

One end of the tube being placed between the lips, 
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The common pomp. 



How (xnutmcted. 



Pamp Talvea. 



the air is removed from the tube by the ordinary pro- 
cess of inhaling, when the pressure of the (dmospkere 
compels the liquid to fill the space deserted by the air. 

638 Through how great a length of tube could we raise a liquid by 
sucUonf 

About thirty-two feet 

633 Why can we not raise it above thirty-two feet t 

Because the atmospheric pressure will only support 
or balance a column of water or similar liquid ot that 
height. 

684 Bow is the common pump constructed t 
The common pump consists of a 
hollow tiibej the hwer part of which, 
descending into the water, is called 
the suction-mpe^ and the vpper part^ h 
{Fig. 20), the harrel or cyUnder ; of a 
»pout^ 5, at the top of the cyHnder ; of 
an air-tight piston^ which works up 
and down in the cylinder ; and of two 
valves, both opening upwards, one of 
which, g^ is placed at the top of tlie 
suction-pipe, and the other, jp, in the 
piston. 

636 How does the common pump operate f 
When the piston is raised from the 
bottom of the cylinder, the air above 
it is dravm vp^ leaving a vacuum be- 
low the piston ; the water in the well 
then rushes up tlirough the valve^ y, 
and fills the cylinder; the piston is then forced down, 
shutting the valve, g^ and causing the water to rise 
through the piston-valve,^/ the piston is then raised, 
closing its valve, and raismg the water above it, which 
flows out of the spouty s. 

636 What is a valve t 

A valve, in general, is a contrivance by which water 
or other fluid, flowing through a tube or aperture, is 
allowed free passage m one direction, but is stopped in 




Fig. 20. 
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Common saetion-pamp. Height water rises in common pamp^ 

the other. Its structure is such, that, while the 
pressure of fluid on one side has a tendency to close 
it, the pressure on the other side has a tendency to 
open it. 

Figs, 21, 23, and 23 represent the various fonns of valves used in 
pumps, water-enginefl^ eta 




Fi«.21. n«.22. Fis.23. 



©37 How can water be raised by the comsmxm sfiction-pump f 
As the action of this pump depends upon the pressure 
of the atmosphere, water cannot be raised by it from a 
depth of mare tha/n 34 /ieet hdow the tipper valve^ and 
in practice a much shorter limit is usually assigned. 

S88 A tinman of SemOe, in Spain, ignorant of the principles of sden/x^ 
undertook to construct a suctionrpump to raise waier from a well sixty feet 
deep; when the machine was finished, he was confounded at discovering 
that it had no power to raise water at ail, and enraged at his disappoint- 
ment, while some one was working (he pwmp, he struck the suction pipe with 
a hammer or asce so forcibly as to crack it, when, to his swrprise and delight, 
the water almost immediately began to flow, and he found he had attained 
his purpose. Bow is this resuU to be aecountedfor f 

The explanation is as follows : the air pressed in 
through the sUt^ or apertv/re of the suctiorirpwe^ and 
becoming mixed with the water in its ascent, /wv72«^« 
compound jht,id far lighter than water alone, and there- 
fore acted upon more readily by the atmospheric pres- 
sure ; and thus produced the phenomenon aescribed. 

S3Q Bow high can water he raised in the suctionrpump by resorting to 
&e expedient above described t 

About Jlfty-f^e feet, instead of thirty to thirty-four. 

64:0 Jb whom is the invention of the commxm pump attributed f 
"' To Gtestbivs, an Athenian engineer, who lived at 
Alexandria, in Egypt, about the middle of the second 
centuiy before the Christian era. 
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Constrnetion of chain-pump. 




F!«.24. 



641 When it is desired to raise water above ihirty^four feet^ as in fire- 
engines, eiCy how is it accomplishedf 

By means of Xh^fordng-purrvp. 

64:2 In whai manner is (he forcing-pump con- 
strtidedt 

In the forcing-pump atmospheric 
pressm^ pl*3^ ^^^ * small part There 
18 no valve in the piston c {fig. 24), 
but the water raised through the suc- 
tion-pine a, and the valve ^, is forced 
by eacn depression of the piston up 
liirough the pipe e 6, which is furnished 
with a valve to prevent the return of 
tlie fluid. 

643 Whai is a chmrirpump t 

The chain-pump consists 
of a tube or cylinder, the 
lower part of which is im- 
mersed in a well or reser- 
voir, and the upper part 
enters the bottom of a cistern 
into which the water is to 
be raised. A chain is carried 
round a wheel at the top, 
and is furnished at equal 
distances with movable 
bottoms, which fit water- 
tight in the tube. As the 
wheel revolves, they succes- 
sively enter the tube, and 
— ^ carry the water up before 
^ them, which is discharged 
"^ into the cistern at the top 
of the tube. 

Fig. 25 represents the oonstruction 
and arrangement of the chain-pump. 

644t Under what circumstances is 
j,'ig. 26. ^he chain-pump generally employed t 

When the height through which the water is to be 
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raised, is not very considerable, as in the case where 
the foundations of docks, &c., are to be drained. 

646 Who first ascertained and denums^aiedihe reason far the ascent 
qfioaier in a ttie by suction^ and in (he common pump f 

TorrieeUi, a pupil of Gralileo. 

646 Eow was Tie led to his condusums t 

He argued, that whatever be the cause which sus- 
tained a column of water in a common pump, the meor 
8v/re of the power thus Tnanifested must he the weiaht 
of the coVwrrm of water ; and consequently, if another 
liquid be used, heavier or lighter, bulk for bulk, than 
water, thern, the sarnie force mmt susta/i/n a lesser or 

Srea;teT column of such U^id. By using a much 
eavier liquid, the 
column sustained 
would necessarily be 
much shorter, and 
the experiment in 
every way more 
manageable. 

Torricelli verified his con- 
clusions in the following 
manner: — ^He selected for 
his experiment mercury, 
the heaviest known liquid. 
As this is 13i times heavier 
than water, bulk for bulk, 
it followed that, if the force 
imputed to a vacuum could 
sustain 33 feet of water, it 
would necessarily sustain 
13^ times less, or about 30 
inches, of mercury. Torri- 
celli therefore made the fol- 
lowing experiment, which 
has since become memo- 
rable in the history of 
science : — 

He procured a glass tube 
(Fig. 26) more than 30 
inches long, open at one 
end, and closed at the 
other. Filling this tube 
with mercury, and apply- 
ing bis finger to the open fig. 36. • 
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PasoftTB e:q>eriiiie]iL 



Inventioii of the iMurometer. 



end, 80 as to prevent its escape, he inverted it, plunging the end into m^- 
cury contained in a vessel On renooving the finger, he observed that the 
mercury m the tube fell, but did not &11 altogether into the dstem; it 
only subsided until its sur£EK» was at a height of about 30 inches above 
the sxa&M of the mercury in the dstem. The result was what TorriceUi 
expected, and he soon perceived the true cause of the phenomenon. The 
wei^t of the atmosphere acting upon the sur&ce of the mercunr in the 
ves^ supports ^e liquid in the tube^ this last being protected m>m the 
pressure ^ the atmosphere by the closed end of the tube. 

B4:7 Eow was the fact that the cokmm of mercury was suetained by the 
pressure of the aiTnosphere further verified t 

By an experiment made hj Pascaly in France. He 
argued, that if the cause which sustained the column in 
the tube was the weight of the atmosphere actine on 
the external surface of the mercury in the cistern, Sien, 
if the tube was transported to the top of a high moxm- 
tain, whe^j^a less quantity of atmosphere was above it, 
the pressiffe would be less, and the length of the column 
less. This was tried and found to be the case. 



e4:8 Eow did these 




experiments lead to {he invention of the barometerf 

It was noticed that when the ap- 
paratus above described was kept 
m a fixed position, the height of me 
colMTwn jmctuaied from day to day 
within certain small limits. The 
eflfect was of course to be attributed 
to the variation in the weight of the 
incumbent atmosphere, arising from 
various meteorological causes. 

This led to the use of the tube and cistern 
of mercury, arranged in the manner before 
described {Fig. 26^ for determining the changes 
in the atmosphere, and consequently tiie cha- 
racter of the weather. 

04:Q ExpUdn more fuUy in what manner 
the barometer can be used as a weather-glass f 

When air is moistj or filled with 
vapor, it is lighter than usual, and 
the column of mercury stands low; 
when air is dry and free from vapor, 
it is heamer than usual, and the mer- 
cury stands high. Thus the bare- 
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Wheel-barometer. 



Use of barometer on land anreliable. 



meter (by showing the variations in 
the weight of the air) indicates the 
changes of the weather also, 

6SO Bow is the commoriform of barometer^ 
caUed the wheetrbaa-omjekr, constructed f 

The barometer consists of a hent 
tvbe^ filled with mercury, as repre- 
sented in Fig. 27, the column be- 
ing sustained by the pressure of the 
atmosphere upon the surface of the 
mercury in the shorter arm, the end 
of which is open. A small float of 
iron or elass rests upon the mercury 
in the Sorter arm of the tube, and 
is suspended by a slender thread, 
which is passed round a wheel car- 
rying an index. As the level of the ^j 
mercury is altered, and the weight 
raised or lowered in the tube, the 
index moves ; and as the divisions 
on the circumference of the circles 
within which it moves are much 
amplified, very slight changes are 
easily read ofi; 

F%g. 27 represents the internal structure of 
the wheel-barometer, and Fig. 28 its external 
appearance, or casing, with a thermometer 
attached. j-j^ js. 

S61 Why is (he ordinary use of the barometer on (he land extremely 
Umited and uncertain f 

The height of the mercury in the tube at any time 
must depend partially upon uie elevation of the place 
of oiservation above the level of the sea ; and no correct 
judgment can be formed relative to the density of the 
atmosphere as affecting the state of the weather, with- 
out reierence to the situation of the instrument at the 
time of making the observation. Therefore, no atten- 
tion ought to be paid to the words, '^fair^ rain^ change^ 
cMcj^ etc., frequently engraved on the plate of a baro- 
meter, as they will be found no certain indications of 
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Dilference between a thermometer and b«t>meter. Peculiarities of climateSr 

the correspondence between the heights marked, and 
the state of the weather. 

6C3 What is (he difference between a Ourmometer and a baromeiert 

In a thermometer the mercury is sealed up from the 
air ; and rises or falls as the varying temperature of 
the air expands or contracts it ; but in a harometer the 
mercury is left eaypoaed (or open^ to the air ; and rises 
or falls as the varying weight oi the air presses upon 
the open column. 

653 F%y w^te6co/a6art»»efer&yi<)pc»f 

That the air may press vpon it freely ; and, as this 
pressure varies, the mercury rises orfaUs in the tube. 

664 Why does ihe mercury in the harcmeter rise ai the approach of 
fair weather t 

Because the air is becoming m/>re dry, and the drier 
the. air, and the more free it is fix)m vapor, the greater 
the pressure. 

666 Why does the mercury sink ai the approach offoid weather f 

Because the air is laden with vapor or dist/urhed hy 
wind. 

666 Why does vapor in the air cause the mercury to sinkt 

Because air containing vapor is lighter than dry 
air ; and its pressure on the mercury is therefore less. 

667 Why win there be no rain if the air be very dry f 

Because dry air will absorb mmsture^ and not part 
with it in ravn. 



CHAPTEE VIII. 

PECUIilAErnES OF CLIMATES. 



663 What do we mmn by the term dimate t 
By climate, we mean the condition of a place in 
relation to the various phenomena of the atmosphere, 
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Mean daily temperatnre. Temperfttare varies with the altltade. 

as temperature, moisture, etc. Thus, we speak of a 
warm or cold climate, a moist or dry climate, etc. 

GSO What is meant by (he mean daily temperatwre f 

The mean or average temperature of the day is 
found by observing the thermometer at fixed intervals 
of time during the twenty-four hours, and then divid- 
ing the sfwm of. the temperatures by the nuwher of 
observations. 

eSO Eow is the m^an annual temperaiure of a particular point ascer- 
iainedf 

By taking the average of all the Tuean daUy terwpe- 
raiures throughout the yea/r. 

661 How does temperature vary with the latOudef 

The average annual temperature of the atmosphere 
diminishes from the equator towards either jpole. 

663 Give examples of this variation f 

At the equator, in Brazil, the average annual tem- 

Eerature is 84° Fahrenheit's thermometer ; at Calcutta, 
it 22** 35' N., the annual temperature is 78° F ; at 
Savannah, lat. 32° 6' N., the annual temperature is 
65° F. ; at London, lat. 51° 31' N., the annual "tempe- 
rature is 50° F. ; at Melville Island, lat. 74° 47' N., the 
mean annual temperature is 1° below zero. 

663 How does the temperature vary wiOi the aMUude above the ea/rVCs 
mrfacef 

Temperature diminishes with the altitude. As a 
general rule, a loss of heat occurs to the extent of one 
degree F. for every 343 feet of elevation. 

664 How does the gradual reduction of temperature as we ascend from 
{he surface of (he earth affect the moisture of the air f 

In every latitude there is a point above the surfa/ie 
of the earth where moisture, once frozen, aJ/ways re- 
mains congealed. 

66£S Why are the tops of very high mountains always covered mih 
mow? 

Because, at the great elevation of their summit, the 
tenwerat^wre of the atmosphere is so low that the con- 
gealed moisture which falls upon them never melts. 
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What IB a glacier t Icebergs. line of perpetoal enow. 

eee WhaHsagladert 

The glacier only exists upon mountains whose sum- 
mits are covered with perpetual snow. The snow upon 
the higher parts becomes somewhat softened during 
the summer, and in the winter is again hardened nearly 
to ice. In the succeeding summer, the action of the 
sun, and the internal heat of the earth, detach large 
masses loaded with recently deposited snow into me 
neighboring valleys, where, bemg accumulated, and 
the crevices filled with snow or water which at last 
hardens to iccj they form huge seas of ice, or a glacier ; 
in French, mefrs-werglace. 

B67 Do the glaciers amUnue to increase year by year t 

Very many of them do ; and in Switzerland many 
valleys, once fertile^ are now JiUed with glaciers. From 
the bottom of the glacier streams of water constantly 
issue, and it is from such sources that the rivers jRhine 
and Bhone of Europe take thei/r rise. 

668 Eow care the giganHc icebergs formed wMch are found floating ai 
acme seasons in the Atkmtict 

They are portions of great glanders formed in the 
northern regions, which become detached and float in 
the sea. 

660 Eow high are icebergs sometimes seen t 
Sometimes exceeding SOO feet in height, 

670 At wfuU devotion above the swfoce of the earthy at the equaior^ 
fMiU vjoter remain frozen t 

At an elevation of about 15,000 y^^^. 

•671 At what elevation in the straMs qf MageUaai wiU water remain 
Jrozent 

At about 4000/^^. 

67J3 What is the point where water remains frozen caUed f 

The line oi perpetual snow, 

673 Why are not aU places which lie under the sams paraSel of tott- 
tude of the same temperature f 

Because various disturbing cvrcumstances tend to vary 
the mean temperature. 
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JB^Ract of the sea on the climate. Of moantaiiu on temperatitre. Natoral soils. 

674 WluU disiw'hing drcumstwncea aff^ 
eUuaUonaf 

1. The elevation and/arm of the land ; 

2. The proximity of the sea f 

8. Mov/rUamSj swampsj and/brests; 

4. The Tio^wr^ of the soil ; and 

6. The prevalence of cold or wa/rm wmds. 

67CS Whai effect is produced on temperature by the configuration of 
kmdsf 

Islands and peninsulas are wa/rmer than continents ; 
hays and inUmA seas also tend to raise the mean tem- 
perature. 

07S Wlkoi effect IwiBihe ma on iemperaJtwre^ 
In wa/rm clvnvates it tends to dimmish the heat ; in 
cold dmiates to mitigate the cold. 

677 WTuU^ectJiave mountains on teiT^[>eraturet 

Chains of mountains which ward off cold winds, aicg- 
merU the temperature ; but mountains which ward off 
soutli^ and west winds, lower it 

678 What effect has soil on temperature f 

A sandy soil, which is dn/^ is wa/rmer than a marshy- 
soil, which is wet^ and subject to great evaporation. 

67e What is a natural soUt 

Natural soils are merely decomposed parts of the svb- 
ja,cent rocJcs^ mixed with the decomposed portion of 
vegetable substances which have grown or fellen upon 
it, with gome animal substances. 

680 What is the name given to (he vegetable and animal products 
mixed with the mineral ingredients qfasoUt 

Hvmm. • 

681 Whai benefidal effect do loose stones and rocks have upon dry 
poroussoilst 

They retain moisture in the soil by preventing the 
evaporation which would otherwise take place. In 
high lands they serve to condense fogs and low clouds, 
arS thus add to the moisture of the subjacent soil. 

683 What countries are the most cloudy t 

Those where the temperature and winds are w/>st 
va/ridUe, as Great Britain. 



Digitized 



by Google 



108 SCIENCE OF COMMON THINGS. 

Where the most rain fSfdls. Bow many ralnj days In the jeta. 

683 WhcU countries are the least cloudy f 

Those where the temperature and winds are least 
variable^ as Egypt 

684 Why are mountainous countries more rainy thanJUU onest 

Because the air (striking^ agamst the sides of the 
mountains) is carried tip the inained-plane^ and brought 
in contact with the cotd air of the higher regions ; in 
consequence of which its vapor is coimensed and depo- 
sited in rain. 

ess W/iew is the quantity of moisture in the air greatest, and when 
least? 

It is greatest in the summer mxyrvths^ and least in the 
winter, 

686 In what part of the world does rainfall most abundantly t 

Near tlie eqicator / and the quantity of rain decreases 
as we approach the^^. 

687 Hoio many incites of rain faU yearly at the city of Vera Oruz, 
Mexicof 

About two hundred wad seventy-eight inches, 

688 How greai a depth of rain^ measured in inch^Sj falls yearly t» 
London? 

About tvoenty-f/^e inches 

68© How do you account for the greai amount of rain faMng ai Vera 
Cruz? 

Vera Cruz, situated within the tropics, is backed by 
lofty mountains^ whose summits are covered with per- 
petual sfioWy* against these the hot^ humid air trom 
tlie sea is driven by the trade-winds, condensed, and its 
excess of moisture is precipitated as rain. 

690 In what latitudes do the greatest number of rainy daysoccwr? 

There are more rainy days in the temperate zones 

than in the tropics, although the yearly quantity of 

rain falling in the latter districts is much greater than 

in the former. 

601 About how many rainy days are there in a year in the northern 
parts of the United States ? 

About OTie hundred and thirty-four; in the South- 
em States the number is somewhat less, being about 
one hundred and three. 
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Bain-gange. Wet and drj ieasons of the troptos. 

6S2 Why does it rain more frequently in the iemperdte zones than in 
ihe tropics f 

Because the temperate zone is a region of variable 
vrinds, and the temperature of the atmosphere changes 
often ; while in the tropics the ^vind changes but rarely, 
and the temperature is very constant throughout a great 
part of the year. 

G03 Eow is ihe amowrU ofra4n measuredt 

By means of a rain-ga/uge. 

e04 Eow is ihis constructed f 

The best form consists of a cylmdrical metal vessel 
famished with a float ; the rain falling into the vessel 
raises the floai^ the stem of which is so gradAmted that 
•the increase in depth can be very accurately measured. 

006 Why does it rain more upon the seorcoast than in the interior of 
a country f 

Because the air adjacent to the ocean contains more 
moisture than the air inland. 

G&Q What is the average yeqrlyfaU of rain in the tropics and tempe- 
raiezonest 

The average yearly fall of rain in the tropics is nine- 
iy-jhe inches / m the temperate zone only thirty-f/oe. 

The greatest rain-fall, however, is precipitated in the shortest time. 
Ninety-five inches Ml in eighty days on the equator, while at St. Peters- 
biu^ the yearly rain-fall is but seventeen inches, spread over one hundred 
and sixty-nine days. Again, a tropical wet day is not continuously wet 
The morning is dear ; clouds form about ten o^clock ; the rain begins at 
twelve, and pours till about half-past four; by sunset the clouds are 
gone, and the nights are invariably fine. 

eQ7 In the tropics, how are ihe seasons divided f 

Into the wet or raJmy^ and the dry season. 

e©8 Are there some cotmtries entirely destitute of rain f 
In some parts of Egypt it never rains ; in Peru it 
rains once^ perhaps, in a mxvrHs lifetime. 

Upon the table-land of Mexico, in parts of Guatemala and California, 
for the same reason, rain is very rare. But the grandest rainless districts 
are those occupied by the great desert of Africa^ extending westward 
over portions of Arabia and Persia to a desert province of the Belooches — 
districts farther continued in the heart of Asia over the great desert of 
GK>bi, the table-land of Thibet, and part of Mongolia. In all these are 
five or six millions of square miles of land that never taste a shower. 
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Ooontries detUtnte ct nin. AoiiiiaI amount of rain. Annual eT^[K>ratlon. 
6S8 Why are these countries destitute of rain f 

The cause of this scarcity is to be sought for in the 
peculiar information of the country. 

In Peru, parallel to the coast, and at a short distance from the sea, is 
the lofty range of the Andes, the peeks of which are covered with per- 
petual snow and ice. The prevailing wind is an east wind, sweeping 
mm the Atlantic to the Pacific across the continent of South America. 
As it approaches the west coast^ it encounters this range of mountains, 
and becomes so cooled by them that it is forced to precipitate its moist- 
ure and passes on to the coast almost devoid of moisture. In Egypt and 
other desert countries, the diy sandy plains heat the atmosphere to such 
im extent that it abscnrbs moisture^ and precipitates none. 

•700 Are there some distrida in which it may he said to always rainf 

In some portions of Gtida/na it rains for a great por- 
tion of the year. The fierce heat of the tropical sun 
filk the atmosphere with va/pcr^ which returns to the 
earth again in constant showers, as the cool winds of the 
ocean now in from the higher latitudes. 

701 Haw greai a quantity ofwaier is supposed to he anrmaUy precipi- 
tated as raint 

The amount is calculated to exceed seven hundred 

and sixty millions of tons 

TOS Was this whole amount raised hy evaporation into the atmosphere t 
Certainly; the daily amoimt of water raised by 

evaporation from the sea alone amounts to no less than 

one hundred and sixty-four cubic miles^ or about sixty 

thousand cubic miles annually. 

703 What is the daily amount of evaporation from the sea hetween the 
Cape of Good Hope and Calcutta t 

During the months of October and Jfovember, it is 
known to average three quarters of an inch daily from 
the whole surface. 

704 Is the cUmate of Kew England and the Northern United States 
drier than thai of England and Central Europe f 

It is ; and this fact exercises an irnmrtami influence 
jipon many professions and calling. Painters find that 
their work dries quicker in New JEngland than in Cen- 
tral Europe. Cabinet-makers here are obliged to use 
thicker glue, and watchmakers animal instead of vege- 
table oil. 
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Hail-Btonas, where most frequent The moon and the weather. 

705 Why will not pianofortes mcuie in England or Germany answer 
for t^e in New England f 

Because the difference in the chmate of these respec- 
tive countries is so great, as respects moisture^ that 
the foreign instruments shrink, and quickly become 
damaged. 

TOe In what cUmates do hail-storms most frequently occwr f 

In temperate climates most frequently, and rarely 
within the tropics. 

70*? In wTiat localities in the temperate zones do hmlrslorms occw most 
frequently f 

In the vicinity of high mountains^ whose peaks are 
always covered with ice and snow. The south of France, 
which lies between the Alps and Pyrenees, is annually 
ravaged b;^ hail; and the damage which it causes 
yearfy to vineyards and standing crops, is estimated at 
upwards of nine millions of dollars. 

•7O8 Do ^ general meteorological changes which take place almost 
daUyj and which are designated as wealher changes^ occuar in accordance 
with certain fixed laws f 

There is no reason to doubt that every change in the 
weather is in strict accordance with some certain phy- 
sical agencies^ which are fixed and certain in their 
operations. 

70Q Why can we not, Oien, wiXh certainty determine and foretell the 
(Procter of the weather for any particuUir time f 

Because the laws which govern meteorological 
changes are as yet imperfecWy understood. 

V±0 Is there any reason for supposing that the moon has any influence 
vpCn the weather t 

An examination of meteorological records, kept in 
different countries through many years, proves conclu- 
sively that the popular notions concerning the influence 
of the lunar phases on the weather have no foundation 
in any wdl established theory^ and no correspondence 
with observed facts. 

711 Do meteorological records afford any support to the heUef in the 
occurrence of rain at particular phases of the moon f 

There is some reason for supposing that rain falls 
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Effect of moonlight on snimAls and regetablea. Equinoctial Btorm. 

more frequently about four days before full moon^ and 
less frequently about four or five days before new 
moon, than at other parts of the month ; but tliis can- 
not be considered as an established fact : in otlier 
respects the changes of tlie moon cannot be shown to 
have influenced in any way the production of rain. 

T^S Does Vie bright moonUghi in any way hasten Vie jmtrefacUon of 
animal or vegetable substances f 

It is generally supposed to do so ; but the fact is, 
that on bright, clear nights, when the moon shines 
brilliantly, dew is more jredy dej^dted on these sub- 
stances than at other times, and m this way putrefac- 
tion may be accelerated. With this the moon has no 
connexion. 

713 Is Viere any foundaiion for Vie belief Viai Vie a^ffpearance of the 
a/wrora borealis is followed by a change in Vie toecUher f 

Meteorological registers conclusively show that there 
is no sicch connexion^ and that the appearance of the 
aurora is as often followed by fair weather as by foul. 

714k Is Viere any truth in Vie traditional notion thai a long and violeni 
storm usually accompanies the period of the equinoxes f 

The examination of weather-records for sixty-four 
years shows that no jparticular day can be pointed out 
m the month of September (when the "equinoctial 
storm" is said to occur) upon which there ever was, or 
ever will be, a so-called equinoctial storm. The fact, 
however, should not be concealed, that taking the ave- 
rage of the five days embracing the ecjuinox for the 
period above stated, the amount of rain is greater than 
tor any other five days, hy three jper centj throughout 
the month. 

715 Is Viere any reason for believing that cold and warm seasons alter* 
ncUet 

Meteorological records, kept for eighty years at the 
observatory of Greenwich, England, seem to show that 
groups of wa/rm years alternate with cold ones in such 
a way as to render it most probable that the mean an- 
nual temperatures rise and fall in a series of curves, 
corresponding to periods of dboiU fourteen years. 
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Can animate foretell changes In the weather? 

7^© Is it probable thai some animals and insects are able io foreteU 
changes in the weather before man can perceive any indications of the aaTue f 

Of this fact there appears to be no dovbt. Some 
varieties of the land-snail only make their appearance 
hefore a rain. Some other varieties of land cnistaceous 
animals change their color and appearance twenty-four . 
hours before a rain. 

*717 What curious fajd Tias been noUced in respect to the leaves of trtco 
indicating changes in the weaiher f 

For a light, short rain, seme trees have been observed 
to incline ihei/r lea/ves^ so as to retain water ; but for a 
long rain, they are so doubled as to conduct the water 
away. 

*718 Whai fact has also been noticed- respecting the changes in springs 
previous to a rain t 

The water of springs has been observed to rise and 
flow out in greater volume previcms io a rain. 

Most, if not all, of the popular proverbs respecting changes" in the wea- 
ther, the influence of the moon, of frosts, auroras, and the like, when 
tested by observation, will bo found to be unsupported by facta, and 
unworthy of the slightest credence. 

*713 Why wiU ticere he no rain if the air be very cold t 

Because it is so much condensed that it has abeady 
parted with as much moisture as it can spare. 

7J30 JBdve heat and cold any effect on the barometer t 

No, not of themselves ; but as cold weather is gene- 
rally either dry or roitghj with northerly winds, the 
mercury generally rises in cold weather ; and as warm 
weather is often moist, or accompanied by southerly 
winds, which bring vapor with them, therefore the mer- 
cury often sinks in warm weather. 



Digitized 



by Google 



114 SCIENCE OF COMMON THINQS. 

Prodnotioii of sound. Drum of the ear. 



PART IV. 

SOUND, 

CHAPTER I. 

OBIQIN AND TRANSMISSION OF SOUND. 
721 Bow 18 sound produced f 

Sound is heard where any sudden shock or impulse, 
causmff vibrations, is given to the air, or any other 
body, which is in contact directly or indirectly with the 
drum of the ear. 

7SS WTiaiislhedrwnoriympanwnofiheetilrt 

A thm membra/ne which closes the aperture of the 
ear. 

723 Sow do the vibrations of (he air^ sinking vpon (he drum ofiheear^ 
give lis the sensaiion qfsoundt 

Behind the drum of the ear are various camties and 
tubes in the bone which form the side of the head, in 
which the rwmute fibres of the avditory nerve are dis- 
tributed. When tne drum of the ear is made to vibrate 
freely by the action of the soijorous undulations of the 
external air, the vibrations are communicated by the 
action of minute bones, muscles, and fluids contained in 
the cavities of the ear, to the nerve, and from thence the 
impressions are conveyed to the braiti. 

Fig. 29 is a perspective magnified view of the interior of the ear. Hie 
several parts of the ear, and the progress of sound towards the nerve 
which communicates the sensation to the brain, may, however, be best 
illustrated by reference to Fig. 30 : — 

1. There is external to the head a wide-mouthed tube, or ear-trumpet, 
a, for catching and concentrating the waves of sound. It is movable In 
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CoDstructioii of the ear. Air not neoeasary to aoond. 





Fig. 29. Itff. 80. 

many animals, so that they can direct it to the place flrom which the 
sound comes. 

2. The sound concentrated at the bottom of the ear-tabe &Sa upon a 
membrane stretched across the channel, like the parchment of an ordi- 
nary drum, over the space called the fympamrni^ or drum of the ear^ 6, 
and causes the membrane to vibrate. That its motion may be free, 
the air contained within the drum has free conmiunication with the 
external air by the open passage, f, called the eustachian tube, leading to 
the back of the mouth. A degree of deafness ensues when this tube is 
obstructed, as in a cold ; and a crack, or sudden noise, with immediate 
return of natural hearing, is generally experienced when, in the effort of 
sneezing or otherwise, the obstruction is removed. 

3. The vibrations of the membrime of the drum are conveyed further 
inwards, through the cavity of the drum, by a chain of four bones (not 
here represented on account of their minuteness), reaching from the 
centre of the membrane to the oval door or window, leading into the 
labjrrinth e. 

4. The labyrinth, or complex inner compartment of the ear, over which 
the nerve of hearing is spread as a lining, is full of watery fluid; and, 
therefore, by the law of fluid pressure, when the force of the moving 
membrane of the drum, acting through the chain of bones, is made to 
compress the water, the pressure is felt instantly over the whole cavity. 
The labyrinth consists of the vestibtUej e, the three semicirmdar canals, c, 
imbedded in the hard bone, and a winding cavity, called the cochlea, d, 
like that of a snail-shell, in which flbres, stretched across like harp-strings, 
constitute the lyra. The separate uses of these various parts are not yet 
fully known. The membrane of the tympanum may be pierced, and the 
chain of bones may be broken, without entire loss of hearing. — Aenott. 

724! Is air riecessary to (he production of sound f 

No ; but most sounds owe their origin to the vibra- 
tions of the air. Sound can be produced under water^ 
and all bodies are, in fact, more or less fitted to produce 
the sound vibrations ; in many cases air is neither the 
quickest nor the best conductor of sound. 

7SS U<pom, whaJt does the loudness of sound conveyed "by air depwd f 

Upon the density of the air ? 
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*7S© Why does a heU rung in a receiver exhausted ofairfaU to produce 
wundf 

Because no air is present to receive and transmit the 
vibrations. 

7S*7 What is a sounding or sonorous body t 

A body possessing both hardness and elasticity, 
which, when struck, vibrates, and imparts to the air lu 
contact with it undulations corresponding to its vibra- 
tions. 

*738 Why has ihepecuUar kind of motion in bodies which gives rise to 
the sensation of sound, been termed vibration t 

Because a striking analogv may be traced between 
the tremulous agitation which takes place among the 
particles of a sovmUnff hodj/ and the oaciUaMona of a 
perid/uhmb. 

7SQ How may the nature of sonorous 
vibraMons be illustrated f 

By noticing the visible mo- 
tions which occur on striking 
or twitching a tightly extendi 

cord or wi/re. Suppose such a 

cord, represented oy the cen- ^^.81. 

tral line in I^ig. 31, to be 

forcibly drawn out to A, and let go ; it would immedi- 
ately recover its original position by virtue of its elas- 
ticity ; but when it reached the central point, it would 
have acquired so much momentum as would cause it to 
pass Qnward to a: thence it would vibrate back in the 
same manner to !B, and back again to J, the extent of 
its vibration being gradually diminished by the resist- 
ance of the air, so that it would at length return to a 
state of rest. 

730 Why are copper and iron sonorous, and not lead f 

Copper and iron are hard and elastic / but as lead 
is neither hard nor elastic, it is not sonorous, 

*731 Of what is belX-metal made t 

Of copper and tin in the following proportions : — ^In 
every five pounds of bell-metal there should be one 
pound of tin and four pounds of copper. 
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733 Why is this mixiure of tin and copper usedfoi' beU-meial I 

Because it is much harder and more daatic tliau any 
of tlie pure metals. 

733 Are solids caj^able of transmitting sounds f 

All solid bodies which possess elasticity have the 
power of propagating or transmitting sounds. 

734 WJuU easy eocperiineTU iUustraiea the transmission of sound Ity 
solids f 

When a stick is held between the teeth at one ex- 
tremity, and the other is placed in contact with a table, 
the scratch of a pin on the table may be heard witli 
great distinctness, though both ears be stopped, 

736 Does the earth conduct sound? 

The earth often conducts sound, so as to render it 
sensible to the ear, when the air fails to do so. It is 
well known that tne approach of a troop of horse can 
be heard at a distance by putting the ear to the gi*ound, 
and savages practise this method of ascertaimng the 
approach of persons from a great distance. 

73© What purpose is subserved by the body of a stringed instrument t 

The string of an instrument^ when caused to vibrate, 
communicates the vibrations to the matter composing 
the body of the instniment and the surrounding air, 
and thus^a tmie or rrmsical note is produced and ren- 
dered aucfeble to the ear. 

737 Hoy} Ure aerial vibrations or pulses commwrUcatedf 

The air, encompassing sounding bodies on every side, 
conveys the sensation of sound in all directions ; there- 
fore the aerial vibra;tions^ or, as they have been termed, 
'^pvlses^^^ must be communicated successively and ge- 
nerally throughout the whole space within the limits 
of which they are capable of affecting the ear. 

738 To what hive the sovmd vibrations or pulsations been compared? 

To the waves spreading in concentric circles over 
the smooth surface of water. 

When a stone is thrown into water, the liquid waves are propagated 
not only directly forward from the centre, but if they encounter any ob- 
struction, as from a floating body, they will bend their course round the 
sides of the obstacle, and spread out obliquely beyond it So the undu- 

6. 
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Latbn« of air, if interrupted in their progress by a high wall or other simi- 
lar i.nj)odiincnt, will be continued over its summit and propagated on the 
oppt)sito sido of it 

73Q When a sonorous body is struck^ do aU the particles of which ii ia 
composed naUy move or vibrate f 

Tliey do ; and the body itself, no matter how com- 
pact and solid it may be, really changes its form with 
each vibration. 

7^0 How may (he sound vibrations in a soUd body be rendered visible t 

By many simple contrivances — as by a ball hung by 
a string to a bell, by pieces of paper placed on the 
strings of a violin, or by sand placed upon the sound- 
ing-board of a piano or any other stringed instrument. 

74cl How fast does sound travel t 

About 13 miles in a minute, or 1142 feet in a second 
of time. 

74cS Why is the flash of a gun fired at a distance seen long before (he 
report is heard t 

Because light travels much faster than sound. 

Light would go 480 times round the whole earth wliilo sound is going 
its 18 miles. 

743 Sow is a knowledge of (he velocity of sound made applicable to the 
measurement of distances f 

Suppose a flash of lightning to be perceived, and on 

counting the seconds that elapse before the thimder is 

heard, we find them to amount to 3^ ; then as sound 

moves 1142 feet in a second, it will follow that lie 

thunder-cloud must be distant 1142 x 3^ = 3997 feet. 

744 Why do windows rattle when carts pass by a house f 

1. Because §lass is sonorotis ; and the air conmiuni- 
cates its vibrations to the glass, which echoes the same 
sound; and^ 

2. "Die wiTtd/yvo-frame being shaken^ contributes to 
the noise. 

Window-frames are shaken, 1. By sound-waves striking agiunst them. 
2. By a vibratory motion communicated to them by the walls of the 
house. 

745 Why is the sound of abed stopped by touching the beU with cur 
fmgerf 

Because the weight of om' finger stops the vibrations 
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of the bell ; and as soon as the bell ceases to vibrate^ it 
ceases to make sound-waves in the air. 

74S Why does a split beU make a hoarse^ disagreeable sound t 
Because the »plit of the bell causes a double vibration ; 
and as the sound-waves cIcLsh and jar^ they impede 
each other's motion, and produce discordant sounds. 

74:7 Why can persons, living a mile or two from town, hear the beUa 
of the town churches sometimes and not at others f 

Because fogs, rain, and snow obstruct the passage of 
sound; but when the air is cold and deao'j sound is 
propagated more easily. 

74:8 Why can we not hear sounds (as those of distant church heOs) in 
rainy wea;ther so vjeH as in fine weaiher f 

Because the falling rain interferes with the undvla- 
tions of the sowndrwaves^ and breaks them up. 

74:Q Why can we not hear sovMs (as those of distant church bells) in 
snowy weaiher so weU as in fine weather) 

Because the falling snow interferes witli the undula- 
tions of the soundrwa/ves^ and stops their progi'ess. 

7CO Why can we not hear sounds (such <w those of distant clocks) so 
distinctly in a thick mist or haze as in a dear night t 

Because the air is not of uniform density when it is 
laden with mist; in consequence of which the sound 
waves are obstructed in their progress. 

7S1 Why do we hear sotmds better by night than by day? 

1. Because night air is of more uniform dervsity, and 
less liable to accidental currents ; ana 

2. Night is more stilly from the suspension of business 
and hum of men. Manv sounds become perceptible 
during the night, which during the day are completely 
stifleo, before they reach the ear, by the din and dis- 
cordant noises of labor, business, ana pleasure. 

753 Why is the air of more uniform density by night than it is by 
dayf 

JSecause it is less liable to accidental currents ; inas • 
much as the breezes (created by the action of the sun's 
rays) generally cease during the night. 

7C3 Ebw should partiiim wdUs be made, to prevent the voices in adjoin- 
ing rooms from being heard t 
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The space between the laths should be filled witii 
shavings or sawchist / and then no sound would ever 
pass from one room to another. 

764 Why shouid shavings or sawdust prevent the transmission of sound 
from room to room f 

Because there would be several different media for 
the sound to pass through ; and every change of medium 
diminishes the strength of the sounu-wayes. 

766 What solids are avnong the best conductors cfsoimdf 

Iron and glass; sound is transmitted by them at the 
rate of 17,500 feet, or more than 3 miles in a second ; 
^fter tJiese rank copper, several different kinds of wood, 
silver, tin, &c. 



CHAPTER II. 

VOCAL AND MUSICAL BOUNDS, 
76S What is a musical sound f 

A musical sound is produced by regular undulations 
or vibrations — a succession of sounds following each 
other with perfect uniformity. 

767 How does a noise differ from a musicai sound f 

A noise is the result of very irregular or disturbed 
undulations or vibrations. 

768 Do aU persons hear sounds alike t 

The faculty of hearing depends upon the construc- 
tion and sensibility of the ear, and as this differs in dif- 
ferent individuals, it is certain that all persons will not 
hear sounds alike. 

76Q Wfuxt is meant by the terms concord and discord t 

When two tones or notes sounded together produce 
an agreeable effect on the ear, their combination is 
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called a nmsical concord: when the eflfect is disagree- 
able, it is called a discora. 

TBO WJiat is the gamut or diatonic scale of music t 
It consists of seven notes^ which are distinguished by 
the seven first letters of the alphabet, or by the seven 
syllables, do, re, 'mi, fa, sol, la, si. 

7S1 Why dofluteSy etc^ produce musical sounds f 

Because the breath of the performer canses the adr 
in the jhde to vibrate; and this vibration sets in mo- 
tion the sound-waves of the air. 

763 Why does a fiddle-string give a musicai sound t 

Because the bow drawn across the string causes it to 
vibrate ; and this vibration of the string sets in motion 
the soundr^a/ves of the air, and produces musical notes. 

763 Why does a drum sound f 

Because the parchment head of the drum vibrates 
from the blow of the drum-stick, and sets in motion the 
sound-waves of the air. 

764 Why do pianofortes produce musical sounds f 

Because each key of thejnano (being struck with the 
finger) lifts up a little hammer which Knocks against a 
string ; and the vibration thus produced sets in motion 
the sound-waves of the air. 

765 Why is an instrument flat when the strings are unstrung? 

Because the vibrations are too slow / in consequence 
of which the sounds produced are not shrill or sharp 
enough. 

766 Why do birds alone, of animals, produce musical notes f 

Because they alone are gifted with a vocal orga/nizar 
(ion, which enables them to produce musical notes. In 
other animals, the larynx is placed wholly at the 
upper end of the windpipe ; but in birds it is sepa- 
rated, as it were, into two parts, one placed at each 
extremity. 

767 Why cannot birds be so correctly said to sing as to whistle f 

Because natural singing is an exclusive privilege of 
man. 
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768 In the human system^ whai are Vie parts concerned in the produo 
Hon of speech and music f 

They are the vymdj^pCj the larynx^ and the glottis. 

TOO Whai is Vie windpipe? 

The windpipe is merely a cartilaginoiis canal through 
which the air issues from the Imigs. 

770 What is Vie larynx? 

The l(m/nx is an enlarged contimtation of the wind- 
pvpe^ formed, like it, of cartilage or gristle^ mernhrane^ 
and muscle: it is, however, more complicated, ter- 
minatinff aoove in two lateral membranes which 
approach near together, leaving an oblong, narrow 
opening, called the glottis. 

7^71 How is sound produced by Vie organs of voice ? 

The air expired from the Itrngs, passes through tlie 
windpipe and out at the larynx^ thi'ough the oi)enin^ 
of the membrane called the glottis. The vibration ot 
these membranes, caused by the passage of air, causes 
sound. 

77S How can Vie tones ofVvs voice be made grave or acuie ? 

By varying the tension of these membranes and the 
size of the opening. 

773 WhatisVieforceeocertedby Vie hedUhy chest in blotoing? 

About one mund on the inch qf its surface / that 
is to say, the cnest can condense its contained air with 
that force, and can therefore blow tlii-ough a tube the 
mouth of which is ten feet under the surface of water. 

774 Whai is Vije vocal cuMon of coughing? 

In coughing the top of the windpipe or the glottis is 
closed for an instant^ during which the chest is com- 
pressing and condensing its contained air ; and on the 
§lottis being opened, a slight explosion, as it were, of 
le compressed air takes place, and blows out any ini- 
tating matter that may be in the air-passages. 

775 Why does a popgun make a loud report when the paper btiUet is 
discharged from it? 

Because the air confined between the paper bullet 
and the discharging rod is suddenly liberated, and 



Digitized 



by Google 



SCIENCE OF COMMON THINGS 123 

-WliAtissDoezlDg? Lftnghing. Crying. SaflbcaUon. 

strikes against the surrounding air ; this makes a report 
in the same way as when any two sclida (such as your 
hand and the table) come into collision. 
VTO Whaiis sneezing f 

Sneezing is a phenomenon resembling couffh; only 
the chest empties itself at one effort, and chiefly 
through the nosCy instead of through the mouthy as in 
coughing. 

777 WhatialaugUngf 

Laughing consists of quicHy repealed exptd^ions of 
ai/r from the chest, the glottis being at the time in a 
condition to produce voice ; but there is not between 
the expirations, as in coughing, a complete closure of 
the glottis. 

778 What is hiccough t 

Hiccough is the stopping of the commencement of a 
strong inspiration, by a midden closing of tlie glottis. 

77© Whaiis crying f 

Crying differs from laughing almost solely in the 
circumstance of the intervals between the gicsts 07* expi- 
rations of air from the lungs being longer. Children 
laugh and cry in the same breath. 

780 Whyy in straining to lift weighiSj or to make any powerfal bodily 
effartj do toe compress ovr breathf 

We shut up the air in the lungs in order to give 
increased steminess and firmness to the body. 

781 When is a person suffocaiedt 

When the windpvpe becomes chohedy or the supply of 
air to the lungs is in any way cut off. 

78S Why do birds sing comparaiivdy louder than man f 

Because the strength of the larynx, and of the muscles 
of the throat, in birds, is infinitely greater than in the 
human race. The loudest shout of man is but a feeble 
ciy compared with that of the golden-eyed duck, the 
wild goose, or even the woodlark. 

783 Ebw are winged insects generally found to produce sound t 

Generally they excite sonorous vibrations by the 
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fivMering of their wing% or other membranous parts of 
their struetnare. 
784 Bow do lociats produce sotmdt 

They are famished with an air-bladder, or a species 
of bagpipey placed under and rather behind their wings. 



CHAPTER III. 



KEFLECnON OF SOUNDS. 



786 What is an echo f 

An echo is a reflection of sound. 

78© Will you explain the manner in which an echo is produced f 
When a wave or imdulation of water strikes against 
a smooth surface, it is reflected, or turned back, and 
waves moving in an opposite direction are produced. 
The same thing takes place with a sound-wave of air : we 
hear first the sound proceeding directly from the sono- 
rous body ; then, if^the sound-wave strikes against a 
pixmer surface, at a suitable distance, it is turned back, 
ana we hear a repetition of the sound. This repetition 
we call an echo. 

787 Are echoes often fieard cU sea or on extensive plains t 

Very rarely ; at sea or on an extensive plain there 
are no surfaces to reflect sound. It sometimes happens, 
however, that in these situations the clouds reflect sound. 

788 In wTujd places do echoes most frequently occur t 

In caverns, large halls, valleys and mountainous 
passes, the windings of long passages, etc. 

78Q Why are these places famous for echoes t 

Because the sound-waves cannot flow freely forward, 
but continually strike against opposing surfaces, and 
are turned back. 
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790 WJiot beatUtfvi fiction existed among the andente relative to the 
production of echo t 

Thej supposed that £hho was a mrrwph who dwelt 
concealed among the rocks, and who repeated the 
sounds she heard. 

791 Ai what distancemust the body reflecting (he sormde be situated in 
order to produce an echo? 

It is requisite that the reflecting body should be 
situated at such a distance from the source of sound, 
that the mterval between the perce^^Uon of the original 
amd reelected sounds may he sufficient to prevent tJiem 
from oeing Uended together. 

79J3 When the sounds become thus blended togetherj whod is the effect 
cdBedt 

A resonance^ and not an echo. 

793 Why do not the ioaUs of a room of ordinary suxproditee an echo t 

Because the r^flectmg sfwrfaoe is so near the source 
of sound that the echo is Uended with the original 
sound ; and the two produce but one irnpression on 
the ear. 

7^4 Why do very large buildings (as cathedrals) qften reverberate the 
voice of the speaker f 

Because the walls are so far of^ from the speaTcer^ 
that the echo does not get back vn time to blend witli 
the original sound ; and therefore ea/ih is heard sepa- 
rately. 

795 Why do soma echoes rq^eai only one syllable f 

Because the echoing body is very near. The farther 
the echoing body is off, the m^ore sound it will reflect : 
if, therefore, it be very near, it will repeat but one syl- 
lable. 

79S Why does an echo sometimes repeat two or rnvre syUahles t 

Because the echoing bod^ is far off; and therefore 
there is time for one reflection to pass away before amr 
other reaches the ear. 

All the syllables miust be vJlieired before the echo of the first syllable 
reaches the ear : ij^ therdbre, a person repeats 7 syllables iu 2 seconds of 
time, and hears them aJU echoed, the reflectmg object is 1142 feet distant ; 
because sound travels 1142 feet in a second, and the words take one 
8eck>nd to j^o to the reflecting object, and one second to reiRim, 

6* 
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707 WluU must be (he conditions of the reflecting sv/rface in order io 
produce a perfect echo f 

The Burface muflt be smooth and of some regular 
form; for tiie wave of sound rebounds, according to 
the same law as a wave of water or an elastic ball, j?er- 
pendicidarlv to the surface if it fall perpendicularly, 
and if it {qH obliquely^ on one side, it departs with an 
equal degree ofdoUquUy on the other side. 

7S8 Wlud must U the effect of an irregvJlarsivrfd^ef 

An irreaula/r surface must break the echo ; and if 
the irregularitjr be very considerable, there can be no 
distinct or audible reflection at all. For this reason aa 
echo is much less perfect fix)m the front of a house 
which has windows and doors, than from the plane 
end, or any plane wall of the same magnitude. 

7SO Why JuiveJicfUs for music plane base wdUst 

Because the hard plane waUs reflect the somvd regu- 
larly ^ and increase the effect of the music. 

800 Why cure haUs for speaking, ihea^es, chv/rches, cfc., generaUy 
ornamented on the waU^ and furnished with pillars, curtains, etc. 

Because the omamenfSy piUarSj cuHainSy etc., form 
irregular surfaces^ which break up and destroy the 
echoes and resonances. 

801 Why is a thick curtain often placed behind a pulpit or speaking- 
desk? 

Because the material absorbs the sounds and by not 
reflecting it avoids the production of echoes and reso- 
nances. 

If the room is not very large, a curtain behind the speaker impedes 
rather than assists his voice. 




Us. 82. 

80a WJuU is a speaking trumpet t 

A speaking trumpet is a hollow tube, so constructed, 



Digitized 



by Google 



SCIENCE OF COMMON TBINOS. 



127 



Constrnction of ttie speaking trumpet 



Ear trumpet 



that the rays of sound (proceeding from the mouth 
when applied to it), instead of diverging, and being 
scattered through the surromiding atmosphere, are 
reflected from tne sides, and conducted forward in 
straight lines, thus giving great additional strengtli to 
the voice. The course of the rays of sound proceeding 




Flg.88. 

from the mouth through this instrument, may be shown 
by Fig. 33. The trumpet being directed to any point, 
a collection of parallel ravs ot sound moves towards 
such point, and they reacn the ear in much greater 
number than would the diverging rays which would 
proceed from a speaker without such an instrument. 

803 WJiat is an ear trumpet t 

An ear trumpet, Fia. 34, is in form and application 
the reverse of a speaking trumpet, but 
in principle the same. The rays of '^- 
soiind proceeding from a speaker, more 
or less distant, enter the hearing trmn- 
pet, and are reflected in such a manner 
as to concentrate the sound upon the 
opening of the ear. Fig. 34 repre- 
sents me form of the ear trumpet generally used by 
deaf persons. The aperture A is placed within the ear, 
and the sound whicn enters at B is, by a series of 
reflections from the interior of the instrument, concen- 
trated at A. 

80i Why do perscms livid the hand concave behind Uie ear^ in ordei' to 
Ji^ar more distincUyf 

Because the concave hand acts in some respects as 
an ear trumpet^ and rejiecU the sound into the ear. 




Fig.Si. 
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SOS Why does Bound seem huder in a church or haU (han en a plaint 

' Because the sides of the building confine the sound- 
waves, and prevent their spreading ; in consequence of 
which their strength is greatly increased. 

80S Bow can fnost of the stories in respect to the so^aUed ^^haunted 
houses^ he exptainedf 

By reference to the principles which govern the 
reflection of sounds. Owing to a peculiar arrangement 
of reflecting walls and partitions, sounds produced by 
ordinary causes are often heard in certain localities at 
remote distances, in apparently the most unaccountable 
manner. Ignorant persons become alarmed, and their 
imagination connects the phenomenon with some super- 
natural cause. 
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PART V. 
HEAT. 

CHAPTER I. 

i NATUBE AND ORIGIN OF HEAT. 

80r WMtisheatf 

1 In ordinary language the term heat expresses the 

sensation of warmth which we experience when any 
portion of onr body comes in contact with a substance 
which is warmer than itself? 

808 Ihtoeredl^JcnowwhcUhecUist 

"We do not ; we only know and study the effects 
which it produces on matter. 

80B To what came "have different phUosophera attnbuled the phmomenon 
of heal t 

Some have supposed the phenomenon of heat to be 
merely a species of motion among the minute particles 
of boaies generally, as sound is motion of another kind 
among the same particles ; others have supposed that 
\ heat arises from the presence of a jpeculia/r Jl/iiid or 
ethereal kind oftnatter. 

I 810 Is it generaUy Mieved at ihe present Ume that heat is a material 

\ substance t 

[ It was believed formerly that heat was a kind of 

\ matter ; but now it is generally considered that heat 
[ has no material existence. 

( 811 WJiat great fact is opposed to ^ idea thai heat has a separate 

maiericU existence as a fluid f 

The fact that nature nowhere presents us, neither has 
art ever succeeded in showing us, heat alone in a sepa- 
rate state. 
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Heat has no weight How heat is measared. What is cold f 

815 ffas heai any perceptible weight f 

No ; if we balance a quantity of ice in a delicate 
scale, and then leave it to melt, the equilibrium will 
not be in the slightest degree disturbed. K we substi- 
tute for the ice boiling water or a red-hot iron, and leave 
this to cool, there wiff be no difference in the result. 

813 WhaX important properly distinguishes heai from aU other agents 
or substances in nature f 

The property o{ passing through and existing in aU 
hinds of matter at all times; heat is everywhere preserd^ 
and every body that exists contains it withmut kfiuywn 
limit, 

814 Bdsiceheait 

Yes, large quantities of it. Sir Humphrey Davy, by 
friction, extracted heat from two pieces of ice, and 
^[uicldy melted them, in a room cooled below the freez- 
ing pomt, by rubbing them against each other. 

816 How do we measure (he qwmtUy of heat in different bodies^ or judge 
of its effects t 

Only by the change in hulk or appearance which 
different bodies assume, according as neat is added or 
subtracted. 

SIQ According to what law does heai diffuse or spread itself? 

Heat diffuses or spreads itself among neighboring 
bodies u/ntil all have a/squired the sa'ine temperature ; 
that is to say, until all will similarly affect the thermo- 
meter. 

817 Why does a piece of iron thrust into burning coals become hot 
among ihemf 

Because the heat passes from the coals into the iron 
until the metal has acquired an equal temperature. 

818 WhaiiscoUl 

Cold is a relative term expressing only the absence 
of heai in a degree ; not its total absence, for heat 
exists always in all bodies. 

810 When the hand touches a body having a higher temperature than 
itself why do we cdU it hot f 

Because on account of the law that heat diffuses 
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itself among neighborinff bodies until all have acquired 
the same temperature, neat passes from the body of 
higher temperature to the hand, and causes a peculiar 
sensation, which we call wwmdK. 

When we touch a body having a temperature lower 
ihcm tha/t of the hand^ heat, in accordance with the above 
law, passes out from the hand to the bodv touched, and 
occasions the sensation which we call cold. 

83X Whaif (hen, really am (he sensaUons ofheai and cold f 

Merely degrees of termeroit/ure^ contrasted by name 
in reference to the peculiar temperature of the indivi- 
dual speaking of diem. 

838 When ia a body said to be incandeeoerU or ignUedf 

When the body naturally incapable of emitting light 
is heated to sufficient extent to become Ixmimovs. 

8S3 W?iai is flame f 

A Iv/nmums v(ypor issuing from a burning body. 

834: What is fire f 

The appearance of heat ami light m conjimction^ 
produced by the combustion of inflammable substances. 

836 Whai character was aitribtUed to fire by iheancterU philosophy 

They used the term J^e as a characteristic of the 
matter of heat, and regarded it as one of the four de- 
ments ofnatttre. 

838 Enumerate the general physical properties of heoL 

It is in/visiblej without weighty elastic^ with great ten- 
dency to esopandj and is absorbed by all bodies. 

837 What are the principal effects of heat f 

JEaopa/nsioThj liqv^faction^ vaporizoMon^ and ignition, 

838 What do we understand by {he term caloric^ 

Caloric is the name given to the agent which pro- 
duces the sensation of warmth ; but heat is the seTisa- 
Hon itself. 

830 Is caloric eqwjlly distribriied over ihe globe f 

No ; at the equaicrr the amerage temperaiure is 82^** 
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while at the jx}les it is believed to be about 13*" below 
zero. 

" Average iemperaiur^^ — that is, the mean or medium temperature. 
"Zero" — the point from whicli a thermometer is graduated; it is 32® 
below freezing, Fahrenheit's thermometer. 

83 O Bow many sources of heat are recognised to exist f 

Six. 

831 What are they t 

1. The sun: 2. ITie interior of the earth; 3. Electm- 
city ; 4. Vital action ; 5. MecKanical action / 6. Che- 
mical action. 



CHAPTER 11. 

THE SUN A 80UKCE OF HEAT. 

8323 What is the great naturai source ofheaif 

The sun. 

833 Why do huming-glasses set fire to substances submitted to their 
power? 

Because, when the rays of the sun 

'>-:^°iBBm-^gi«^p>?r>- pass through the buming-fflass, they 

^^'•\ii//^^i^ ^® ^^^^ towards one pointy called 

'^ly the " focus ;" in consequenlce of 

cSI^^IlP^ which the light and heat at this 

Rg. 85. foirvt *are very greatly increased. 

Fig. 85 represents the manner in which a burning-glass concentrates 
or bends down the rays of heat until they meet in a focus. 

884 Do the rays of (he sun ever set fire to natural substances wiihoui 
the assistance of a burning-glass f 

Ifo ; the rays of the sun, even in the torrid zone, are 
never hot enough to kindle natural substances, unless 
concent/rated by a humim^-glass. 

83S Does the heat of fh€ sun possess any different properties from arti- 
ficial heat 9 
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The heat of the sun passes readily throttgh gldss^ 
whereas this property is possessed by artificial heat in 
a very smaU degree, 

8SG What is tJie generally received opinion at present^ in regard to the 
actual temperature of the visible surface of the sun f 

That the temperaiure of its luminous coating is much 
more elevated than any aHifidal heat we are able to 
produce. 

837 Why is the heai oftha sun always greater in some portions of the 
eartJi than ai others t 

Owing to the position of the eariKs aosisj the rays of 
the sun always faU Tnore directly upon the central por- 
tion of the earth than they do at the poles or extremities. 

838 Upon whai does the succession of spring, summer, atUumn, and 
winter J and the variations of temperature of the seasons, depend f 

Chiefly upon tiie jposition of the sun in relation to the 
earth. 

83G When do we experience the greaiest amount of heat from the rays 
of the sunt 

"When its rays fall most perpendicvZarly. 

840 Why is the heai of the sun greatest ai noon t 

Because for the day the sun has reached the highest 

Eoint in the heavens, and its rays fall m,ore perpendicur 
irly than at any other time. 

8'^X Why is it warmer in summer than in winter f 

Because in summer the position of the sun is such 
that its rays fall more perpendicularly than at any other 
season. Tlie sun is longer above the horizon in summer 
than in winter, and consequently imparts the greatest 
amount of heat. 

8'4:3 Why is it colder in mnter than in summer f 

Because in winter the position of the sun is such that 
its rays fall m^ore obliqusly upon the earth than at any 
other season. The sun is also for a less time above the 
horizon in winter than in summer, and consequently 
imparts less heat 

843 Upon what does {he heating power of the sun depend in a great 
measure f 
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Upon its altitude or height above the horizon j the 
greater its altitude, the more perpendicularly will its 
rays fall upon the earth, and the greater their heating 
enect ; the less the altitude, the more obliquely will its 
rays fall, and the less their heating eflfect. 

844 Why shotdd ike difference in the indinaiion of (he sun^s rays fall- 
ing upon ike earth occasion a diffisrence in their heating effect f 

Because the more the ravs are inclined, the larger 
the space over which they udl. 

Let us suppose A B C D, Hg. 36, 
to represent a portion of the sun's 
rays; and C D a portion of the 
earth's surface upon which the mjs 
fall perpendicularly, and C F and 
C E portions of the surfece upon 
which they fall obliquely. Now, 
it is obvious that the surfaces C F 
and C E are greater than the 
surface C D ; and as the same amount of rajrs of light and heat &11 upon 
all the surfaces, it is clear that they will fall more densely upon the 
smaller surface ,(ue. that it will be warmer there) and more diffusely 
over the inclined or oblique surface (where it will be colder). 

845 Whai is the grecUest natural heat ever observed t 

On the west coast of Africa the thermometer (Fah- 
renheit) has been observed as high as 108° in the 
shade ;^ Burckhardt, in Egypt^ and Humboldt, in S<mth 
America^ observed it at 117° F. ;' and, in 1819, at Bag- 
dad, the thermometer rose to 120° F. in the shade. 

84S Whai is the loujest atmospheric temperature ever observed t 

From 60° to Y0° below the zero of Fahrenheit's tlier^ 
mometer. This temperature has been observed by Dr. 
Kane and other Arctic navigators. 

84:7 WTiat is (he greatest artificial cold ever produced t 

166° helow seroj which temperature was attained by 
Prof. Faraday. At this temperature, pure alcohol and 
ether did not freeze. 

848 What is ihe estim^ated terftperaiure of the space above the earOCs 
atmosphere t 

58° below sero. 

84:9 At what temperature does mercury freeze t 
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3S^'6 below zero. 

850 At whai temperature does fresh VHUer freeze? 

At 32° (zbove ze7v. 

851 At what temperature does salt or sea water freeze f 

At 28^5 above zero. 

8SS Why dom it require a greater amouni of cold to cause sea water to 
congeal, than it doesfrmh water f 

Because sea water contains saU and other substances 
which tend to prevent OHigelation. 

853 What is (he average iemperaiur» at the equator f 

In America^ 81°-5 ; in Africa^ 83**. 

854 What is Uoodrheaij or the vital temperature offfm human body f 

98^ 

855 At whai temper a:ture does alcohol hoUf 

Under the ordinary atmospheric pressure at 173°*5. 

85S At what temperature does water hoU t 

Under the ordinary atmospheric pressure at 212**. 

857 At what temperature does lead mdt f 

At 594°. 

853 At whai heat does mercury hoUt 

At 661° under the common atmospheric pressure. 

86S At what temperalure do brass, copper, silver, and gold melt f 

Brass at 1869° ; copper, 1996° ; silver, 1873° ; goldj 
2016°. 

860 At what temperature does cast-iron mdt f 

^ At 2786°. 

861 What is (he grecUest degree of artificial heat which we have been 
enabled to ^measure f 

A furnace heat of 3280° : at this heat wrought iron 
and platinum did not melt. 
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CHAPTER III. 

OIHEB SOUBCES OF HEAT BESIDES THE SUN. 

862 ffoiff far bdow ihc surface of fhe ecarlh does (he influence af solar 
heaiextendt 

The depth varies from 50 to 100 feet / never, how* 
ever, exceeding the latter distance. 

863 How do we know thai ike earth is a source ofhtai f 

Because we find as we descend into the earth and 
pass beyond the limit of solar heat, that the tempered 
ture constantly increases, 

864 At what rate does the temperature increase t 

About one degree of the thermometer for eoery fifty 
feet. 

866 Supposirig the temperature to continue to increase according to this 
ratiOj what would be its effects at different depths f 

At the depth of two miles water would be converted 
into steam; at four mileSy tin would be melted; at 
fi^e miles J leaa; and at thirty miles^ almost every 
earthy substance would be reduced to a fluid state. 

866 7b what cause may earthquakes and volcanoes be attributed f 

Undoubtedly to the agency of the internal heat of 
the earth. 

867 What effect has the internal heat of the earth on tJie temperature 
of the surface t 

JVb sensible effect: it has been calculated that it 
affects the temperature of the surface less than ^V of * 
degree of the thermometer. 

868 Why^ if so great an amount of heat exist in the interior of the 
earthy does it not appear mxjre manifest upon the surfojce f 

Because the materials of which the exterior strata or 
crust of the earth is composed, do not conduct it to the 
surface from the interior. 

86Q In what manner is electricity a source of heat f 

When an electric current passes from one substance 
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to another, the substance which serves to conduct itls 
veiy frequently heated ; but in what manner the heat 
is produced, we have no positive information. 

870 How great a degree of heat is eleciricity capable of generating f 

The greatest knovm heat with which we are acquaint- 
ed, is produced by the agency of the electric or gal- 
vanic current. AU known substances can be melted or 
volatilized by it. 

87^ Eds the heat generaied by dedricUy been employed for any prac- 
Ucd or economical purposes t 

Not to any great extent^ but for philosophical experi- 
ments and investigations it has been made quite useful. 

8*7S Whai is chemical a/Uion f 

We apply the term chemical action to those opera- 
tions, whatever they may be, by which the weighty jorm^ 
sdidity^ color^ tante^ smelly and action, of substances 
become changed ; so that new bodies with quite different 
properties are formed from the old, 

873 How does chemical action become a source of heat f 

Many bodies, when their original constitution is 
altered, either by the abstraction of some of their com- 
ponent parts, or by the addition of other substances not 
before in combination with them, evolve heat while the 
change is taking place. 

874: Explain by iUustraUon whai you Tnean. 

Water is cold, and sulphuric acid is cold ; but if these 
two cold liquids be mixed together, they will produce 
intense heat. 

87S Why does cold water poured on lime make it intensely hot f 
Because heat is evolved by the chemical action which 
takes place when the cold water combines with the lime. 

Heat is always evolved when a fluid is converted into a solid form. 
Heat is always absorbed when a solid is changed into a liq-^id state. As 
the water is changed from its liquid form when it is taken up by the lime, 
therefore heat is given off. 

87S Where does the heat come from f 

It was in the water and lime before, but was in a 
latent state. 
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877 Was ih^e heat in the cold lOcUer and Ume before (hey were mixed 
together f 

Yes. All bodies contain heat 

878 Is there heai even in icet 

Yes; but it is latent {i.e. not perceptible to our 
senses). 
LaterU, from the Latin word kUeo (to lie hid^ 
87S Does cold iron contain heat t 

Yes; everything contains beat; but when a thing 
feels coldj its heat is latent. 

880 WTuxtis meant ly latent Tieatf 

Heat not perceptiile to our feelings. When anything 
contains heat ^s^mtioutfeding the hotter for it, that heat 
is called '* lai^nt heoit. 

881 Does cold iron contain latent heat t 

Yes ; and when a blacksmith compresses thepwrtides 
of iron by his hammer, he brings out latent heat ; and 
this makes the iron red hot. 

8823 Why is the air in the spring, wTien the ice and snow are melting, 
always very chiUy and cold t 

Solid bodies, in passing to the liquid state, absorh heat 
in large quantities ; when ice and snow are thawing, 
they absorb heat jfrom the air, in consequence of which 
its temperature is greatly reduced. 

883 Why does the weather always moderate on thefdU of snow f 

Bodies, in passing from the liquid to the solid state, 
give out neat j snow is frozen water, and in its forma- 
tion heat is imparted to the atmosphere, and its tem- 
perature increased. 

884 Why does the temperature ofmMing ice and snow never exceed 
32** f 

Because all the heat imparted to melting ice and 
snow lecomes msensiblej until the liquefaction is com- 
plete. 

886 Can we he made to fed the heat of ice or snow f 
Yes. Into a pint of snow put half as much salt / 
then plunge your hands into the liquid ; and it will feel 
BO intensely cold that the snow itself will seem warm in 
comparison to it. 
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88S Are soli and snow really colder than snow f 

Yes, many degrees ; and by dipping your hand into 
the mixture ilrst^ and into snow afterwards^ the snow 
will seem to be comparatively warm. 

887 Why do salt and snow mixed together produce intense cold f 

The salt and snow are both solids, which, on being 
mixed, the salt causes the snow to melt by reason of its 
attraction for water^ and the water formed dissolves 
the salt : so that both pass from the solid to the liquid 
condition, and a large quantity of heat is absorbed. 
This heat, being derived from that which previously 
existed in the solids themselves in a sensible state, 
causes the temperature necessarily to fall. 

888 How is heai prodtbced by mechanical action f 

1. By percicsaion; 2. By friction ; and 3. By cortr 
densation, 

880 What is meant hy percussion f 

The shock produced by the collision of two bodies ; 
as when a blacksmitli strikes a piece of iron on his 
anvil with his hammer. 

8©0 Why does striking iron make it red hoi f 

Because it condenses theparticles of the metal, and 
makes the latent heat senswle. 

8S1 What is meant by friction? 

The act of rvhHng two things together^ as the Indians 
rub two pieces of wood together to produce fire. 

8923 Eow do savages produce fire by merely rubbing two pieces of dry 
wood together f 

They take a piece of dry wood, sharpened to a point, 
which they rub quickly up and down 2k^tmece till a 
groo^oe is made ; and the wmt (collected in this groove) 
catches ji/re. 

8S3 Why does the dust of the wood catch fire by rubbing f 

Because latent heat is developed from the wood hy 
friction. 

&04k Do not carriage wheels sometimes ccUchfiref 

Yes ; when the wheels are dry^ or Jit too tightly^ or 
revolve very ra/pidly. 
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n*. 87. 
Mg. 37 represents an Indian explaining the method of kindling a fire 
by the friction of two pieces of wood 

8S6 Why do wheels catch fire in such cases f 

Because the friction of the wheels against the ode- 
tree disturbs their latent heat^ and produces ignition. 

80Q What isiheuseof greasing cart wheds f 

Grease lessens the friction • and, because there is less 
friction^ the latent heat of the wheels is less disturbed. 

807 Does a body ever cease to give out heat by friction f 

No; however long the operation may be continued. 

808 Whjai condasions respecting the nature of heat have philosophers 
drawn fivm this fact t 

That heat cannot be a material svhstance^ but merely 
a ^property of matter. 

899 Why is it easier to produce heat from the friction of rotigh sur- 
faces than smooth ones f 

Because in the friction of rough surfaces certain par- 
ticles are ntbbed off, which, being small, are rmdily co7i' 
densed, and made to evolve their latent caloric. 

900 Why^ when you nib a smooth metallic surfax^e, as a buitofij for 
example^ against apiece ofplavk, does the metal become more Jieated tfianihe 
wood? 

Because the caloric is forced out of the wood, as it 
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were, by the compression of its parts, and the button 
receives most of the caloric, owing to a stronger attrac- 
tion for it, than is possessed by the wood. 

901 Why does a friction rnoUchj dravmover sandpaper or other rough 
nibstance, ignite f 

When the match is drawn over sand paper, or other 
rough substance, certain phosphoric particles are nib- 
bed ofi^ and ieing compressed between the match and 
the paper, their heat is raised sufficiently high to ignite 
them, and fire the match. If the match be drawn over 
a smooth surface, the compression Tmist he iiicredsed^ for 
the temperature of the wnole phosphoric mass must be 
raised in order to cause ignition. 

©OS WhjoX smgvlar property have aU living animal bodies f 

The property of maintaining in themselves an equable 
tempeftaiv/re^ whether surrounded by bodies that are 
hotter or colder than they are themselves. 

003 IJJmtrateihisfacL 

The sailors of lie Arctic exploring expedition dming 
the polar winter, while breathing air that froze mer- 
cury, still had in them the natural warmth of 98** Fah- 
renneit above zero ; and the inhabitants of India, where 
the same thermometer sometimes stands 115° in the 
shade, have their blood at no higher temperature. 

904 Do vegetables possess in any degree this property of mamtaining 
a coTutant temper atv^-e wWivn their structure t 

Growing or fresh vegetables have this property to a 
eertai/n extent. 

006 What, then, is vital heaif 

The heat generated or excited by the orgam^s of a 
limng si/ructwre. 

9oe Whjai is the cause of vital or animal heat t 

The cause of animal heat is not certainly known or 
determined; it is supposed to be due to chemical 
(Kstion^ the result of respiration and nervous excitation, 

©OT Mas the power of animals to preserve a peculiar temperature any 
Umitst 

Yes; intense cold suddenly coming v/j>on a man 
1 
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who has not sufficient protection, first causes a sensation 
of pain, and then brings on an almost irresistible sleepi- 
ness, which if indulged in proves fatal. A great excess 
of heat also cannot long oe sustained by the human 
system. 

908 Does each species of animaX appear to have a pecuMar tempera- 
iuret 

Yes ; each species of animal and vegetable appears 
to have a temperature natural and pecvliar to itself, 
and fix)m this diversity different races are fitted for 
different portions of the earth's surface. 

900 Whai effect does the pecuUarity of temperature have upon Hie dis- 
tribution and location ofantTnals and plants upon the earth^s sisrfacet 

The different species are confined and circumscribed 
within certain districts^ depending mainly on their re- 
lations to heat Thus, the orange-tree and the bird of 
Paradise are confined to warm latitudes ; the pine-tree 
and the Arctic bear, to those which are colder. 

910 What curums fact in relation to a species of whale iUustraies (he 
influence of temperaiwe in defining locations t 

It has been ascertained that at least one species of 
whale is precluded firom migrating from the north to 
the south, from its inability to live in the heated waters 
of the equator. 

911 When animals or plants are removed from their peculiar and 
natural districts to one entirely differ entj what changes take placet 

They either cease to existj or change their characta^ 
in such a way as to adapt themselves to the climate, 

61S What curious iUusirations do we find of this f 

The v}ool of the northern sheep changes in the tropics 

to a species of hair. The dog of the torrid zone is 

nearly destitute of hair. £ee8 transported firom the 

north to the region of perpetual sunamer cease to lay t/j? 

stores of honey ^ and lose in a great measure theu* habits 

of industry. 

913 How has rujAure provided for (he protection of animals against the 
modifications of temperature t 

By covering their bodies with a, form of fury or hairy 
or feathersy in the exact degree required, and to puch 
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an extent as to vary the covering in the same animal 
according to the climate and season. 

914 What one species of organized beings is fitted to live in all dimales t 

Man (done is capable of living in all climates, and of 
migrating freelj to all portions of the earth. 



CHAPTER IV. 



now HEAT IS COMMUNICATED. 
015 In ivhat Hiree ways may heat he communicated f 

By direct contact^ by condicction and coTweciion, and 
by radiation. 

616 ffowmay ?ieat be communicated by contact t 

When a hot body touches a cold one, the Jieat passes 
directly from one into the other, as when it enters a bar 
(rf iron put into the fire, or the hand immersed in hot 
water. 

017 When i^heaicommwtiticaM by conduction f 

When the heat travels from particle to particle of 
^e substance, as from the end of the iron "bar placed 
in the fire to that part of the bar most remote from the 
fire. 

G18 Whenish^atcomrnvmoaiedbyradiaMonf 

When the heat leaps^ as it were, from a hot to a cold 
body through an ajypredable interval of spaxie^ as when 
a body is warmed by placing it before a fire removed 
to a little distance from it. 

019 In what way does a healed body cool iiselft 

Firstj by giving off heat from its surface, either by 
contact or nmiation^ or both conjointly ; and, secondly ^ 
by the heat in its interior passing from particle to par- 
ticle by conduction through its substance to the surface. 
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02O In what manner does a cold body become JtecUed f 

First^ by heat passing into its surface either by conr 
tact or radiation^ or by ^^A conjointly ; and, secondly^ 
by tlie heat at its surtace passing from particle to par- 
ticle through its interior portions hy conduction. 

SSI Does heaipttsa ikrough aU bodies with ihe same velocity t 

No / some substances oppose very little impediment 
to its passage, while through others it is transmitted 
slowly. 

SS0 Inio wJuU ttoo ciasses are bodies dwided in respect to their comSim- 
iionofheatf 

Into conductors and non-conductors / the former are 
such as allow heat to pass freely through them ; the 
latter comprise those which do not give an easy pas- 
sage to it. 

923 Whoi are (he best conductors ofheait 

DensCy solid bodies^ such as metals, glass, some varie- 
ties of stone, etc. 

024 W hat are the ifforst conductors of heat t 

All U^ht said porous bodies ; such as hair, fur, wool, 
charcoal, and so on. 

986 Why do some things fed colder than others f 

Principally because they are better condu^tors^ and 
draw off neat from our boay much faster. 

926 Why does a piece ofvoood blazing at one end not fed M at ft« 
oOiert 

Because wood is so bad a conductor that heat does 
not traverse freely through it ; hence, though one end 
of a stick be blazing, the other end may be quite pold. 

9S'7 Why does not metal fed more intensdy warm than hot wool f 

Because metal gives out a much greater quantity of 
heat in the same spa^ce of time : and the injkue of heat 
is, consequently, Tnore percepmle. 

928 Why does a poker, resting on afenderj fed colder than the hearth- 
rug, which is farther off from ihe fire t 

Because the poker is an excellent conductor^ and 
draws heat from the hand much more ra^pidly than the 
woollen hearth rug, which is a very bad conductor : 
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though both, therefore, are equally warrn^ the poker 
seems to be the colder, 

OS3 Why does a stone or marble hearth fed to the feet colder than a car- 
pet or hearth-rug f 

Because stone and marble are ffood conductors ; but 
woollen carpeU and hea/Hh-ruga are very had conduc- 
tors. 

530 Why does (he stone hearth make our feet cold t 

As soon as the hearthstone has absorbed a portion 
of heat from our feet, it instantly disposes of it, and 
calls for & fresh s^wpply ; till the hearthstone has be- 
come of the same iem/perat/ure as the foot placed upon it 

531 Do not aiso the toooUen carpet and hearth-rug- conduct heat from, 
the human body f 

Yes ; but being very had conductors, they convey 
the heat away so slowly that the loss is scarcely per- 
ceptible. 

33S Is the cold Tiearihstone in reaUty of the same temperature as the 
warm carpet f 

Yes ; everything in the room, except our bodies, is 
really of one temperat/wre ; but some things y*^ colder 
than others, because they are hetter conductors. 

833 Eow long wiU the hearthstone feet cold to the feet resting on it? 

Till the feet and the hearthstone are hoth of the sarne 
temp&ralnire } and then the sensation of cold in the 
hearthstone will go off. 

934 Why would not the hearthsUme feet cold, when it is of the same 
temperature as our feet t 

Because the heat would no longer ntsh out of our 
feet into the hearthstone^ in order to produce equi- 
librium. 

836 Why aire cooking vessels often furnished with wooden handles f 
Because wood is not a good conductor like metal; 
and therefore wooden handles prevent the heat of the 
vessel from rushing into our hands to bum them. 

933 Why do persons use paper or woollen ketHe-holders f 

. Because paper and woollen are both very had con- 
iuctors of heat^ in consequence of which the heat of 



Digitized 



by Google 



146 BCIENCB OF COMMON THINQS. 

Condnotijig power of wftter. Btoves and f amacea. 



the kettle does not readily pass throicffh them to the! 
hand. 

OS7 Does Vie heal of the Unking kettie never get through ihe vjooOen or 
paper kettle-holder t 

Yes ; but though the ketde-holder became as hot as 
the kettle itself, it would never y^^Z so hot. 

e38 Why would not (he kettle-holder feel so hot as the ketOe, when hoth 
are of the same temperature. 

Because it is a very bad conductor, and disposes of 
its heat too dowhf to be perceptible ; but metal (being 
an excellent conductor) disposes of its heat so quicJdy, 
that the sudden influx is painful. 

939 When we plunge our hands into a basin of vnUerj why does it pro- 
duce a sensation of cold f 

Because water is a letter condtictar than air ; and, as 

it draws off the heat from our hands more rapidly^ it 

feels colder. 

&<kO Why does the conducting power of water make it fed colder ihcm 
airt 

Because it abstracts heat from our hands so rapidly 
that we fed its loss ; but the air abstracts heat so very 
slowly that its gradual loss is hardly perceptible. 

941 Jswaier a good conductor of Jieatt 
No ; no liquid is a good conductor of heat ; but yet 
water is a mitch better conductor than air. 

9<l:i3 Why is water a better conductor of heat than air f 

Because it is more dense / and the conducting power 
of any substance depends upon its solidity j or the close- 
ness of its partides. 

943 How do you know that water is not a good conductor ofheait 

Because it may be made to boU ojt its sfwrface^ without 
imparting sufficient heat to mdt ice a short distame 
bdow the swrface. 

944 Why are not liquors good conductors of heat t 

Because the heat (which should be transmitted) ^wv- 
duces evaporation^ and files off in the vapor. 

946 Jf air is not a good conductor^ how can we make use of it in 1 
warmang our houses by means of stoves avdfwmaces t 
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What renders elothing neoMSMj f Use of woollens ud tec 

In the case of a stove or furnace, the air which is in 
contact with the fire or the heated surface, first becomes 
heated, expands, and rises ; cold air rushes in to supply 
its place, is heated, and ascends in like manner, and 
this interchange goes on imtil all the air in the room is 
heated. 

94:3 If air ht a hod eandtieior of hetU, why $7unUdtoeiwtfed as warm 
tpWwut ddhmg as vfhen we are wrapped in wool and fur f 

Because the air (which is cooler than our body) is 
never ai rest^ and every fresh particle of air draws off 
afreshporhcm of heat. 

047 How does ihe ceaseless change of air tend to decrease the warmth 
<^ that part of the body devoid of clothing f 

Thus: the air (which cases the body) absorbs as 
much heat as it can while it remains in contact ; being 
then blown awav, it makes room for a fresh coat oj 
air^ which absorbs more heat 

6<l:8 Does the air which encases a body devoid of clothing become {by 
contact) as warm as the body itsdff 

It would do so if it remained motionless; but as it 

remains only a very short time, it absorbs as much heat 

as it can in the time, and passes on. 

040 Why do we fed colder in windy weather than in a cairn day? 

Because the particles of air pass over vs mxyre ra^pidly^ 
and every fresh particle takes from us some portion of 
heat. 

eso Why are wooOens andfwrs used for doOmg in cold weafher t 

Because they are very had conductors of heat ; and 
therefore we?;^ the wa/rmth of the body from being 
dra/wn q^ by the cold air. 

0S1 Do not woollens and furs actually impart heal to (he body t 

No ; they merely jpr^^w^^ the heat of the body from 
esca/pi/ng. 

ess Where lOoM the heat escape to, if (he body were not wrapped in 
woolorfurt 

The heat of the body would Jly off into the air ; for 
the cold air (coming in contact with our body) would 
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gradually draw away its heai^ till it was as cold as the 
air itself. 

6CS3 WUai^ then, is (he principal use of dofhing in winter-time f 

1. To prevent the ardmal heat fh)m escaping too 
freely ; and 

2. To protect the body firom the external air (or wind), 
which would carry away its heat too rapidly. 

964 Why are wool, fwr, hair, and feathers such dow conductors ofheaif 
Because a areat quantity of air lurks entangled 

between the fiores ; and air is a very lad conductor of 

heat. 

The wannest clothing is that which fits the body rather loosdy, because 
more hot air will be confined bj a moderately loose garment than by one 
which fits the body tighUy. 

966 Eow are whales,seais, and other wa/rmrbhoded arwmais thai live in 
the wajter proteded against the coidf 

They are enveloped, heneath the skmj with a thick 
coating of " hlvhber^^ or fat^ which, like fur, hair, and 
feathers, is a non-conductor of heat, and serves to pro- 
tect ihem in like manner. 

06G Why are blankets and warm wooUen goods always made with a 
nap or projection offSbres on the otdside f 

Because the nap or Jlbres retain air among them, 
which, from its non-conducting properties,, serves to 
increase the warmth of the matenaL 

967 Eow does the covering of hair, wool, andfeaXh&rs serve to jfceep cmi- 
mats cool in hoi wealher, as well as warm in cool wealhert 

In warm weather the non-^)ondtccHng TJiedium will 
not allow the heat to enter the body^ro^ with/mt: in 
cold weather the heat of the body commit escape jrcm 
within. 

968 Why do we wrap up ice inflannd to keep it from melUng t 

Because the flannel, being a non-conductor^ does not 
allow the heat of the atmosphere to penetrate to the ice. 

969 In iJie construction of icehouses, why do we line the walls and roof 
with straw or sawdust t 

Because these substances are bad conductors of heat. 

960 Why is it good economy to furnish our houses in winter with doubU 
windows 9 
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linen cooler than cotton. Inflnence of heat on the sdL 

The air confined between the two surfaces of glass is 
a non-conductor of heat, and equally opposes the escape 
of warm air from within, or the penetration of cold air 
from without. 

Sei Why does a linen garment fed colder ikon a cotUm onef 

Because linen is a m/uch ietter cond/uctor than cotton ; 
and therefore (as soon as it touches the body) it draws 
away the heat more rapidly^ and produces a greater 
sensation of cold. 

562 WJiy is {he face cooled hy wiping (he temples with a fine cambric 
hmdkerchieft 

Because the fine fibres of the cambric have a strong 
capiUary attraction for moisttire, and are excellent con- 
ductors of heat ; in consequence of which the moisture 
and heat are abst/ra^ed from the faxie by the cambric, 
and a sensation of coolness produced. 

563 Why would not a cotton handkerchief do as wdl f 

Because the coarse fibres of cotton have less capillary 
attraction, and are very had conductors : in conse- 
quence of which the heat of the face would be increased 
yrather dian diminished^ by the use of a cotton hand- 
kerchief. 

&B4i Is the soil a good condtictor ofheaif 

N"o ; it is a very had conductor of heat 

9es Why is {he soU a had conductor of heat f 

Because its particles are not conii/nuous ; and the 
power of conducting heat depends upon the density of 
'matter. 

see Why is the soU (below {he surface) warmer in winter than the sur- 
face itself t 

Because it is a had conductor of heat ; and therefore 
(although the ground be frozen) the frost rarely pene« 
trates more than a few inches helow the sv/rface. 

967 Why is {he soil (below the svrface) cooler in summer {han the sur^ 
face itself t 

Because it is a had conductor of heat ; and therefore 
(although the surface he scorched with the bmning sun) 

7* - 
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CoolnaflB of S|»riDg water. Bnow protects the Boil from cold. 

the intense heat cannot penetrate to the roots of the 
plants and trees. 

GB8 Show (he wisdom of the Oreaior in makiTig (he soil a iad corf 
ductor. 

K the hea4 and cold eovld penetrate the soU deeply 
(as freely as the heat of a nre penetrates iron), the 
springs would be dried up in summer and frozen in 
winter ; and all vegetation would perish. 
660 Why is UHxterfrom a spring altoays codf even in summer t 
Because the soil is so had a conductor^ that the burn- 
ing rays of the sun can penetrate only a few inches below 
the surface ; in consequence of wnich the sprmgs of 
water are not ejected by the heat of summer. 

S70 ffow does (he non-conducting power of snow protect vegetables from 
the frost and cold t 

It prevents the heat of the soil from being dravm off 
by the cold air which rests upon it 

QTl Why is snow a non-conductor of heed t 

Principally because it contains a large quantity of 
air between its particles. 

0*7S Why is it cool under a shady tree in a hot summer''s day t 

1. Because the overhanging foliage screens off the 
rays of the sun / 

2. As the rays of the sun are warded off, the o\f 
(beneath the tree) is not heated by the reflection of th 
soil; and 

3. The leaves of the trees, being non-conductors^ 
allow no heat to penetrate them. 

973 Why does a metal spoon (left in a Jceitle) retcM^the process of 
hoUing t 

Because the metal spoon fbeing an excellent con- 
ditctor) carries off the hea;t from the water ^ and (as 
heat is carried off by the spoon) the water takes a 
longer time to boil. 

Q74 Why does paint preserve wood f 

1. Because it covers the surface of the wood, and 
prevents both air and damp from penetrating into the 
pores ; 
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Oellan, whj warm in winter and oool in sommer. 

2. Because paint (especially white paint), being a 
had condiu^toTj preserves the wood of a more uniform 
temperature; and 

3. Because it fills up the pores of the wood, and pre- 
vents insects and vermin from harboring therein and 
eating up the fibre. 

S75 Why are famacea and stoves (where much heal is required^ huiU 
(^ porotis brides f 

Because bricks are Ikid condtodorSj and prevent the 
escape of heat ; in consecjuence of which they are em- 
ployed where great heat is required. 

07© Why do ceBarsfed warm in winter t 

Because the external a/ir has not free access into them ; 
in consequence of which they remain almost at an even 
temperai^re^ which (in winter-time) is about 10 degrees 
warmer than the external air. 

0T7 Why do oeOarsfed cold in stmmer t 

Because the external air has not free access into them ; 
in consequence of which they remain almost at an even 
temperature^ which (in summer-time) is about 10 de- 
grees cdder than the external air. 

078 Why do (he Laplanders wear skins with (he far inwards t 

Because the dry skm prevents the wind from pene- 
trating to their body ; and the air (between the naira 
of tibe fur) soon becomes heated h/ the body ; in conse- 
quence of which the Laplander m his fur is clad in a 
codeofh^/toMr^ impervious to the cold Bxidtoind. 

079 In what respect is bark especially adapted as a covering for trees 
and shrubs f ^ 

f Bark is composed of matter which is very slowly per- 
meable hy heaty and, like hair and fur in animals, is es- 
pecially adapted for securing the temperature necessary 
to v^etable Hfe. 

880 WJiat is the temperature of the sap of heaJUhy trees during (he 
fummert 

It is several degrees helow that of the surrounding at- 
mosphere. 
©81 Whai is (he temperature of the sap of a heaWiy trte in the winter f 
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T^mpermtiure of treea. Flftimels and ftin not really waniL 

Several degrees above that of the surrotinding atmo- 
Bphere. 

082 Whai occcLsions this difference between (he temperature of (he sap 
of a tree and the temper aJture of 5ie surrounding atmosphere f 

The vital auction of the tree. 

It is also a noticeable fact that sap drawn from a tree will freeze at the 
same temperature as water, while the sap circulating in the tree, under 
the influence of vital agency, will not freeze until reduced seventeen degrees 
below the freezing-point of water. 

983 Why in a frozen pond or lake is (he ice always thinner, and often 
entirely wanting, in those parts where springs exist upon the bottom f 

Because the sprinff water, coming from a point m 
the eartib helow the influence of the frosts, is elevated 
in temperature, and by inwartina its heat prevents an 
accumulation of ice upon the surmce above. 

G84 Is there in reaUty any positive warmth in the maierials ofdoOtr 
ingf 

No ; but we consider clothing warm or cool accord- 
ing as it impedes or facilitates the passage of heat to or 
from the surface of our bodies. The thick cloak which 
guards a Spaniard against the cold of winter is also in 
summer used by him as a protection against the direct 
rays of the sun ; and, while in temperate climates flan- 
nel is the warmest article of dress, we cannot at the 
same time preserve ice more effectually than by inclos- 
ing it in its softest folds. 

086 Does fine or coarse tvodUen doth make the warmest chfhingi 

l!heimeT the cloth, the more slowly it conducts heat 
Fine cloths, therefore, are warmer than coarse ones. 

986 Is sUk a good conductor of heat f 

No ; it is a lad conductor of heat. Spun silk allows 
the heat of the body to pass off more quickly than wool ; 
but raw silk confines it more than wool. 

987 The sheets of a bed fed cold and the blankets warm : is iMs any 
difference in Hie respective temperature of these articles f 

No ; the temperature of both the sheets and the blan- 
kets is always exactly the some. 

988 Why^ then, does one fed colder than (he other t 

Sheets feel colder than the blankets because they are 
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Goolness and warmth of the air. CondnetioB of beat 

tetter conductors of heat^ and carry off the heat more 
rapidly from the body ; but when by the contimiance 
of the body between them they acquire the same tem- 
perature, they will then feel even warmer than the 
blankets. 

08Q Jn QvR summer a siiUj calm cUmoaphere feds warm^ huiifa wind 
arises^ (he samje, atmosphere feds cold : has (here been any real change of tem- 
perature f 

No ; for a thermometer suspended under shelter and. 
in a coLrrhplcLce will indicate tlie saine temperature as a 
thermometer on which the wind blows. 

Q90 Why do we Ihen consider that the air has grown colder t 

Because the air in motion by the wind conducts off 
the heat from our bodies faster than the same air at 
rest 

SOI Whai is meant by (he convection ofheatf 

Heat commxmicated by being carried to another 
thing or place ; as the hot water resting on the hottom 
of a kettle carries heat to the water through which it 
ascends. 

©OS Are liquids good conductors of heatt 
No ; liquids are bad conductors; and are therefore 
made hot by convection. 

OB3 Why are liquids bad conductors of heat f 

This peculiarity is referable to the mobility which 
subsists among tne particles of aU fluids, and to the 
change of size which is invariably produced by a 
change in temperature. 

The constituent particles of solid bodies being incapable of changing 
their material position and arrangement, the heat can only pass through 
them, from particle to particle, by a slow process ; but when the particles 
fonning any stratum of Hquid are heated, their mass, expanding, becomes 
lighter, boUc for bulk, thsui the colder stratum immediately aboye it, and 
ascends, allowing the superior strata to descend. 

©94 JSjt^lain how water is made hot 

When the heat enters at the bottom of a vessel con- 
taining water, a dovhle set of cmrents is immediately 
established,-— one of hot particles risi/ng towards the 
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Ho w ttquldg ire made liot> Why water to agitated when boiUiig. 

9wface^ and the other of colder particles 
descending to the bottom. The portion of 
liquid which receives heat from below is 
thus continuallv mixed through the other 
parts, and the neat is diffused by the mo- 
tion of the particles among each other. 

These currents take place so rapidly, that if a th^mo- 

meter be placed at the bottom and another at the top 

of a long jar, the fire being applied below, the upper one 

will be^ to rise almost as soon as the lower one. The 

_ movement of the particles of water in boiling will be 

Pig. 88. understood by reference to Fig. dS. 

S90 Whai common experiment proves IhcU iocUer is a bad conductor 4 
heatt 

When a blacksmith immerses his red-hot iron in a 
tank of water, the water which smrounds the iron is 
made hoUmg hot^ while the water not immediately in 
contact with it remains quite cold. 

If a tube nearly filled with water ia 
held over a spirit lamp, as in Mg, 39, in 
such a manner as to durect the flame 
against the upper layers of the wat^, 
the watOT will be observed to boil at the 
top, but remaui cool below. If quicksil- 
ver, on the contrary, be so treated, its 
jn-^ aa.'^"^^'^ lower layers will speedily become heated. 

The particles of mercury will communi- 
cate the heat to each other, but the particles of water will not do so. 

9S6 Why is water in such oontintiolfirment whan it is hdUng t 

This commotion is mainly produced by the ascend- 
ing and descending currents of hot and cold water. 

The escape of sieam fix)m the water contributes also to increase this 
agitation. 

007 EJow do these ttoo currents pass each other t 

The hot ascending current rises up through the centre 
of the mass of water ; while the cold descending cur- 
rents pass down by the metal sides of the ketHe, 

998 Why is hmt applied to the bottom^ and not to the top oftfieketUet 

Because the heated water always ascends to the sur- 
facCy heating the water through which it passes ; if, 
therefore, heat were applied to the top oi 9, vessel, the 
water helow the surfoAie would never be heated. 
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How to oool UqnidB. BoiUng point of Iiqii!d& 

90© As the lower part of a grate ismadered hot by the fire above, why 
would not the water boti tffirewere c^ffpHed to the top o/a keiUet 

The iron of a grate is an excellent conductor ; if, 
therefore, one part be heated, the heat is conducted to 
every, other part ; but water is a veiy had condttctovy 
and will not difiuse heat in a similar way. 

1000 I/you wish to cool Uquidaf where should the cold be c^ppHedf 

To the top of the liquid: because the cold portions 
will always descend^ and allow Uie warmer part to come 
in contact with the cooling substance. 

1001 Does boiling water get hotter by being k^t on the fire t 

No ; not if the steam be suffered to escape. 

lOOa Why does not boiling water get Jiotter if the steam be suffered to 
escaped 

Because the waier is converted into «tea/m as fast as 
it boils; and the steam carries away the additional 
heat 

1003 WhatisebuUiHonf 

When a liquid substance is heated sufficiently to 
form steam, the production of vapor takes place princi- 
pally at that part where the heat enters ; and when the 
Beating takes place not from above, but from the bot- 
tom and sides, the steam as it is produced rises in bub- 
bles through the licjuid, and produces the phenomenon 
of boiling or ebullition. 

1004 What do we mean by the boiling point of a liquid f 

The temperatmre at which vapor rises with sufficient 
freedom to cause the phenomenon ofebitUition is called 
the boiling point 

1006 Do aU Uquids boU at the same temperature t 

No ; the boiling point occurs in different liquids at 
very different temperatures. 

lOOG Why does mUk boU over more readily than water f 

Because the bubbles of milk, produced by the pro- 
cess of boilinff, are more tenacious than the bubbles of 
water ; and these bubbles, accumulating and climbing 
one above another, soon overtop the rim of the saucepan 
and ruji over. 

1007 Why does water simmer before it boils t 
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Simmering. Why a kettle sometimes boils over. 

Because the particles of water Tiear the hoUom of the 
kettle (bemg formed into steam sooner than the rest) 
shoot upwardsj but are condensed again (as they rise) 
hy the colder water ^ and produce what is called ''sim- 
mering." 

lOOS WhxU is meant hy simmering f 

A gentle tremor or undulation on the surface of the 
water. When water si/mmers, the bubbles collapse 
beneath the surface^ and the steam is condensed to water 
again ; but when water hoUs^ the bubbles rise to the 
aurface^ and the stea/m is thrown off. 

1009 Why does boiUng water sweUt 

Because it is expanded hy the heat; that is, the heat 
of the fire drives the particles of water farther apart 
fix)m each other, and (as they are not packed so closely 
together) they take up more room; in other words, the 
water sweUs. 

1010 Why does toiling water bubble f 

Because the vapor (rising through the water) is 
diffused^ and forces up bubbles in its effort to escape. 
All the air of water is expelled at the commencement of its boiling. 

1011 Why does a kettie sometimes boU over t 

Because the water is expanded hy Jieat ; if, therefore, 
a kettle is JiUed with cotd water^ some of it must run, 
over as soon as it is expcmded hy heat. 

1013 BviJL Ihave seen a ketOe boU over^ although it has not been fiUed 
fuU of water : how do you account for ihatt 

If a fire be veryiierce, the air and vapor are expelled 
so rapidlyj that the ht*ihles are very numerous^ and 
(towering one above another) reach the top of the hettley 
ViXid^fall over. 

1013 Why is a pot (which was fuU to overflowing while the water was 
boiling hot) notfuU after it has been taken off the fire for a short time f 

Because (while the water is hoilvng) it is expanded 
by the heat, and fills the pot even to overflowing ; but 
when it becomes cool, it contracts again, and occupies a 
much less space. 

1014: When steam pours out from the spout of a kettle^ the stream 
begins apparently half an inch off the spout: why does it not begin dose io 
the spouti 
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Bteam Is inyisible. Liqnids become no hotter after boiUng. 

Steam is really invisible; and the half inch (between 
the spout and the " stream of TuisC^ is the real steam^ 
before it has been condensed by air. 

1015 Why is not aU (he steam invisible as well as that half inch t 

Because the invisible particles are condensed by the 
cold aivy and, rolling one into another, look like a thick 
mist. 
lOlS What becomes of the steam^ for it soon varnishes t 
After it has been condensed into mist, it is dissolved 
by the air^ and dispersed abroad as imnsible vapor. 

1017 And whai becomes of the invisible vapor ? 
Being lighter than air, it ascends to the upper regions 
of the atmosphere, where (being again condensed) it con- 
tributes to form clouds. 

lOlS Why do sugoTy saUj <fcc., retard the progress of boUing t 

Because they increase the density of water; and 
whatever increases the density of a fluid retards its 
boiling. 

1019 Why can liqttids impart no addUional heat after fhey boU t 

Because all additional heat is spent in making stea/m. 
Hence water will not boil a vessel of water immersed in 
it, because it cannot impart to it 212° of heat; but 
brine will,"because it can impart mo7*e than 212° of heat 
before it is itself converted into steam. 



Ether . . boils at 100 degrees 
Alcohol . . " 173i * 
Water ..." 213 *' 
"Water, with one-fifth salt^ 
boils at 219 '* 



Syrup . . boils at 221 degrees. 
Oil of turpentine 314 " 
Sulphuric acid 472 " 
Linseed oil " 640 " 
Mercury . . " 656 



Any liquid which boils at a lower degree, can be made to boil if im- 
mersed in a liquid which boils at a higher degree. Thus a cup of ether 
can be made to boil in a vessel of water ; a cup of water, in a vessel of 
♦brine or S3mip ; but a cup of water will not boil if immersed in ether, nor 
a cup of syrup in water. 

lO^O Is pie boiling point of the same liquid always constant / 

Yes, under the sa/me conditions / but it is liable to be 
affected by various circumstances. 

lOSl Whai cause has a powerful influence in regulating the boiling 
point of liquids f 

The pressure qf the atmosphere ; if the pressure be 
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InfloAoce <if atmoq>h6rie preasnro on tho boiling point. How air is bested. 

less than usual, then the boiling point of water and all 
other liquids will be lower than usual ; if the pressure 
increases, and the barometer rises, the temperature of 
ebullition will be proportionably increased. 

1022 Jf the atmospheric pressure he entirely removed^ or if water U 
made to boil in a vacuum^ at what temperature wiU ebuMiHon commence t 

At a point 140** lower than in the open air. 

10S3 Jb what temperaiure can UHxter exposed to the air he heaiedunder 
ordinary circumsiances f 

To about 212° Fahrenheit; at this temperature water 
passes into steam or vapor. 

1024: Can water he heated beyond 212"* J 

Yes ; if subjected to sufficientpressv/re^ it can be heated 
to any ^a?^^^' without boiling. There is no limit to the 
degree to which water may be heated, provided the 
vessel is strong ^enough to confine the vapor ; but the 
expansive force of steam is so enormous under these 
circumstances, as to overcome the greatest resistance 
which has ever been exerted upon it. 

10S6 Why does soup keep hot longer than hoUing water^ 

Because the grease and other ingredients floating in 
the soup retain the heat longer than the particles of 
water, and, at the same time, by their viscidity or tena- 
city, prevent the circulation of the heated particles. 

lose How is air heated f 

By " convective cv/rrentsJ^^ 
lOST Eaplain what is meant by " convective currents.^ 
When a portion of air is heated, it rises icpwards in 
a cuTrentj carrying the heat with it ; other colder air 
si^ceeds^ and (being heaied in a similar way) ascends 
also : these are called "convective currents." 

" Convective currents^^^ so called from tho Latin words cumvectia (carried 
with), because the Tieat is "canied with" the current. 

1088 Is air heated by the rays of the sun t 

No ; air is not heated (to any very great extent) h/ the 

action of the sun^s rays passing through it. 

10S9 Why^ ihenj is the air hotter on a sunny day ihan on a doudy 
onet 
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How hot snbstancee are cooled. Blowing hot food eools It 

Because the sun he<it8 the surface of the earthy and 
the air (resting on the earth) is heated ly contact ; as 
Boon as it is heated it ascends,, while its place is sup- 
plied by colder portions, which are heated in turn also. 

1030 If air he a had conductor ^ why does hot iron hecome cold hy expo- 
sure to the air f 

Because it is made cold — ^1. By " convection ;" and 
2. By "radiation." 

1031 Bow is hoi iron made, cold hy convection t 

The air resting on the hot iron (being intensely heated) 
rapidly ascends with the heat it has absorbed ; colder 
air succeeding, absorbs more heat and ascends also ; and 
this process is repeated till the hot iron is cooled comr 
pletely down. 

1032 How is hroth cooled hy heirig left exposed to the air t 

It throws oSsome heat by radiation / but it is mainly 
cooled down by convection. 

X033 How is hoi hroth cooled down hy convection f 

The air resting on the hot troth (being heated) as- 
cends: odder air succeeding absorhs vnore heat^ and 
ascends also; and this process is repeated till the broth 
is made cool. 

The particles on the surface of the broth sink as thej are cooled down, 
and warmer particles rise to the sur&ce, which gradually assist the cool- 
ing process. 

1034: Why are hoi tea and hroth cooled faster hy heing stirred about f 

1. Because the agitation assists in bringing its hottest 
partu^les to the surface; 

2. As the hotter particles are more rapidly brought 
into contact with the air, therefore convection is more 
TOjfnd. 

1036 How does hlomng hot food make it ooolf 

It causes the air (which has been heated by the 
food) to chcmge more ra(pidly,^ and give place to fresh 
cold air. 

1036 If a shuMer he closed in the daytime^ ike stream of light (piero 
ing through the crevice) seems in constant agitaiion: why is this t 

Because little m^tes and^rtides of dust (thrown into 
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Milk boQs quicker than water. Why stores are not placed at top of the room. 

agitation by the violence of the convective currents) are 
made vimble by the strong beam of light thrown into 
the room through the crevice of the shutter. 

1037 Why does mUk boil more quickly than water t 

Milk is a thicker liquid than water, and consequently 
less steam escapes through the thick liquid (milk) than 
through the thm liquid (water) ; therefore the heat of 
the whole mass of the milk rises more quickly. 

103d Why are fires placed near the floor of a room, and not towards 
Vie ceiling t 

Because heated air always ascends. If, therefore, 
the fire were not near the fioor^ the air of the lower 
part of the room would never be heated by the fire at 
all. 

1039 WoM n/ot ihe air of the lower part of a room he heated equally 
well if the fires were fixed higher up t 

N*o ; the heat of a fire has a very little effect upon 
tlie air below the level of the fire; and therefore every 
fire should be as near to thefioor possible. 

104:0 Our feet are very frequently cold when we sit dose by a good fire : 
explain the reason of this t 

As the fire consumes the air which passes over it, 
cold air rushes through the crevices of the doore and 
windows, and alona the bottom of the room, to supply 
the deficiency ; and these currents of cold air rushing 
constantly over our feet, deprive them of their warmth. 

1041 Whal is m£ani by radiation of heat t 

The emission of rays of heat in aU directions. 

When the hand is placed near a hot body suspended in the air, a sen- 
sation of warmth is perceived, even for a considerable distance. If the 
hand be held beneath the body, the sensation will be as great as upon 
the sides, although the heat has to shoot down through an opposing cur- 
rent of air approaching it. This effect does not arise from the heat being 
conveyed by means of a hot current, since all the heated particles have a 
uniform tendency to rise; neither can it depend upon tlie conducting 
power of the air, because aerial substances possess that power in a very 
low degree, while the sensation in the present case is excited almost on 
the instant. This method of distributing heat, to distinguish it fix)m heat 
passing by contact or conduction, is called radiation. 

104:d Ebw do we designate heat so distributed t 

Ab radiant or radiated heat 
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BadlAtton. Good and bad ndiators. 

1043. W?ien is heat radiated from one body to another f 

When the two bodies are separated by a non-con^ 
ducting medium, 

XO<^A On what does radiation dependf 

On the roughness of the radiating snrface : thns, if 
metal be scratched^ its radiating power is increased, 
because the Tieat has morejpamts to esca^pefrom. 

lO^es Does a fire radiate Tieait 

Tes ; and because hv/mina fud emits rays of heat^ 
y^efeel warm when we stand before a fire. 

3.043 Why does ovr face fed uncomforiably hot when we cgpproach a 
firef 

Because the fire radiates heat upon the face, which 
(not being covered) feels the eflfect unmediately. 

1047 Why does the fire heat the face more than it does the rest of the 
hodyt 

Because tlie rest of the bodv is covered with cloth- 
ing ; which (being a bad conauctor of heat) prevents 
the same sudden and rapid transmission of heat to the 
skin. 
3.048 Do {hose substances which radiate heat absorb heat also f 
Yes. Those substances which radiate most also 
absorb mmt heat, j and those which radiate least also 
absorb the least heat 

1040 Does amy thing else radiate heat besides the sun and firef 

Yes ; aU things radiate heat in some measure, but 
not equally well. 

3.050 What things radiate heat the next best to the swn-and firef 

All dull and dark substances are good radiators of 
heat ; but all light and polished substances are bad ra- 
diators. 

1061 What is meant by being a ** bad radiator of heat f^ 

To radiate heat is to throw off heat by rays^ as the 
sun ; a polished tin pan does not throw of the heat of 
boiling water from its surface, but keeps it in. 

1063 Why does snow {at the foot of a tree or waU) melt sooner than in 
an open field f 
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UUIitj of blaekenliig Btores. Bri^t metal retato heat. Dew. 

Because the tree or wall radiates heat into the snow 
heneath^ which melts it 

1053 Why should ihe flues {connected wUh stoves^ etc) he always Uadt- 
ened with black leadt 

In oixier that the heat of the flue may be more readi- 
ly diffused throughout the room. Black lead radiates 
heat more freely than any other known substance. 

1054 WoM, a metai pot serve to keq> vfcUer hot if it were duU and 
diriyf 

No ; it is the bright ^Z^^A of the metal which makes 
it a bad radiator ; it it were dvUj scratched^ or dirtyj 
the heat would escape very rapidly. 

Water in hot weather Is also kept cooler in bright metal tlian in duU or 
earthen yessels. 

1066 Why are dinner<overs made of bright tin or silver t 

Because light-colored and highly-polished metal is a 
very bad ramator of heat; and therefore bright tin or 
silver will not allow the heat of tlie cooked food to es- 
ca{pe through the cover hy radiatioiu 



CHAPTER V. 



TOE PHENOMENA OF DEW. 
1056 WhatisDewf 

Dew is the moistmre of the ai/r condensed by coming 
in contact with bodies colder than itself. 

lOOr Why is (he ground sometimes covered with dew f 

Because the surface of the earth (at sunset) is made 
so very oold by radiation, that the warm vapor of the 
air is chilled by contact, and condensed into dew. 

1068 Why is the earth made colder than the air after the sun has self 

Because the earth radiates heat very freely, but the 
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Gftose Of dew. When most dew is deposited. DtflSerenoe between dew and rain. 

air does not ; in consequence of which the earth is 
often five or ten degrees colder than the air (after sun- 
set), although it may have been warmer than the air 
during the whole day. 

10&9 Why is Vie surface of Ihe earth generaUy warmer than (he air 
during ihe day f 

Because the earth absorbs solar heat very freely, but 
the air does not ; in consequence of which it is oft»n 
many degrees warmer than the air during the day. 

1060 Whyisihesuifaceof1hegr<mndcolderinafmenig1U1hanina 
iioudy one? 

Because on a fine, clear, starlight night, heat radiates 
from the earth freely^ and is lost in open space; but 
on a dull night, the clouds a/rrest the process of radir 
ation. 

1061 Why is dew deposited most readily on a fine, clear fdghi f 

Because the surfaee of the ground radiates heat most 
•reeby on a fine night, and (beinff cooled down by this 
loss of heat) chills the vapor of the a/i/r mto dew. 

1068 Why is there no dm on a duU, cloudy nigJUt 

Because the clouds arrest the radiation of heat from 
the earthy and (as the heat cannot freely escape) the 
surface is not suflSciently cooled down to.chiU the vapor 
of the air into dew. 

loss Why is a cloudy night warmer than a fine, clear night f 

Because the clouds prevent the radiation of heat from, 
the earth ; in consequence of which the surface of the 
earth remains warmer. 

10S4 How do clouds arrest or prevent ihe radiation of heat from the 
ecaiht 

The lower surfaces of the clouds turn haclk the rays 
of heat as they radiate or pass off from the earth, and 
prevent their dispersion into space. 

10S6 W?uU is the difference between dew and rainf 

In deWj the condensation is made near the ea/rtKs 
smface. In rain^ the drops fall from a considerable 
height. 

loss Whai is the cause of loth dew and rain t 
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Sitaattona in which no dew is deposited. 

Cold condensing the vapor of the air when near the 
point of saturation. 

10G7 Why do mist and fog vanish at sunrise f 

Because the condensed particles are again changed 
into invisible vapor by the heat of the sun. 

1068 Why is dew most abundant in situations most eocposedf 

Because the radiation of heat is not a/rrested by 
houses, trees, hedges, or any other thing. 

1.0BQ Why is there scarcely any dew under a leafy tree f 

1. Because the thick ifoliage of a tree arrests the radi- 
ation of heat &oia the earth; and 

2. A leafjr tree radiates some of its own heat towards 
the earth / m consequence of which the ground under- 
neath a tree is not sufficiently cooled down to chill the 
vapor of the air into dew. 

1070 Why is there never much dew ai (he foot of walls and hedgesi 

1. Because they act as screens to arrest the radiation 
of heat from the earth ; and 

2. They themselves radiate some portion of heat 
towards the earth ; in consequence of wnich the ground 
at the foot of walls and hedges is not sufficiently coded 
down to chill the vapor of me air into dew. 

1071 Why is (here no dew on a windy night f 

1. Because the wind evaporates the moisi/ure as fest 
as it is deposited ; and 

2. It distwrbs the radiation of heai,^ and thus dimi- 
nishes the deposition of dew. 

lOTS Why are valleys and hoVows often thickly covered with dew^ 
although they are sheltered f 

Because the surrounding hiUs prevent the agitation 
of the air, but do not oveman^ and screen the valleys 
sufficiently to arrest the radiation from their surfaces. 

1073 Why does dew faU more abundantly on some substances than an 
others t 

Because some substances radiate heat more fredy 
than others, and thei'efore become much cooler in the 
night. 
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Plants reqnirliig the most moisture condense the most doir. 

1074 Why are substances which radiaie the heai most fredy always 
the most thickly covered with dew f 

BecanBe they are the coldest substances, and there- 
fore condense vapor most readily. 

1075 What kind of materials radiaie heai most freely t 

Grass, wood, and the leaves of plants radiate heat 
yery freelj/' but polished metal, smooth stones, and 
woollen clotn part with their heat very tardily. 

1076 Do the leaves ofaUpkmis radiaie heai equaUy wellt 

No. Hough, woolly lea/oea (like those of a hollyhock) 
radiate heat much more freely than hard^ smooth jpo- 
lished lewoes^ like those of the conmion laurel 

IXyry show {he wisdom of Vie Creaior in m/jking grass, the leaves of 
trees, and ail vegetables, excellent rcuiiaiors of heai f 

As vegetables require much moisture^ and would 
often perish without a plentiful deposit of dew, the 
Creator wisely made them to radidte heat freely>^ so as 
to chiU the vapor (which touches them) ivdo dew. 

107s WiUpolisJied metal, smooth stones, and woollen doth readily col- 
lect dewf 

No. While grass and leaves of plants are comvleteLy 
drenched with dew^ a piece of polished 7neiat or of 
woollen doth (lying on the same spot) will be almost 
dry. 

107© Why wotdd polished metal and woollen cloth he dry, while grass 
and leaves are drench^ wiOi dew t 

Because the polished metal and woollen cloth ^art 
with their heat so slowly^ that the vapor of the air is 
not chilled into dew as it passes over them. 

1080 Why is a gravel walk almost dry when a grass-plat is covered 
thick with dew f 

Because grass is a good radiator^ and throws off its 
heat yery freely ; but gravel is a very had radiator^ 
and parts with its heat very slowly. 

1081 Is thai the reason why grass is saturated with dew, and (he gra^ 
velis not? 

Yes. When the vapor of warm air comes in contact 
with the cold grass, it is instantly chilled into dew ; but 

8 
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Dew on rockj and on fertile 8oti& Dew moet abandant after a hot day. 

it is not 90 fredy condensed as it passes over gravel, 
because gravel is not so cold as the grass. 

1083 Why does dew rarely faU upon hard rocks and barren lands f 

Because rocks and barren lands are so corwpact and 
hard^ that they can neither absorb^ nor radiate muck 
heat; and (as their temjpera^re varies hit very little) 
very little dew deposits upon them. 

1083 Why does dew faU more abundantly on cultivated soCs than on 
barren lands f 

Because cultivated soils (bein^ loose and porous) 
very freely radiate by night the heat which they ab- 
Boro by day ; in consequence of which they are miicA 
cooled down, an€^plenfifully condense the vapor of the 
passing air into deo), 

1084x Shofw the wisdom of (he Oreator in this arrangement t 
Every plant and inch of land which needs the moist- 
ure of dew is adapted to collect it; but not a single 
drop is wasted where its refreshing moisture is not 
required. 

1086 WTien is dew most copiously distiUed t 

After a hot day in summer or autumn, especially if 
the vnnd blows over a body of water. 

108G Why is dew distiUed most copiously after a hot day f 

Because the surface of the hot earth radiates heat 
very freely at simset, and (being made much colder 
than the air) chills ike passing vajpor and condenses it 
into dew. 

1087 Why is there less dew when the wind blows across theland, than 
when it hbws over a body ofwaier t 

Because the winds which blow across the land are 
dry and arid; but those which cross the v^ater are 
moist and firil of vapor. 

1088 JBbw does the dryness of the wind prevent dew-faUst 

As winds (currents of air) which blow over the land 
are very dry, they imbibe the moisture of the air ; in 
consequence of which there is very UtUe left to be con- 
densea into dew. 

1.08d Why is meat very sut)ject to taint on a moonUgkt nightf 
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Protection against troet Canae of fog and mist 

Because it radiates heat very freely in a bright moon- 
light night ; in consequence of which it is soon covered 
•with deWy which produces rapid decomposition. 

X030 Bow do moorUigM nights conduce to (he rd^pid growth of plants t 

Radiation is carried on very rapidlv on bright moon- 
light nights; in consequence ot which dew is very 
plentifuUy deposited on young plants, which conduces 
much to their growth and vigor. 

XOO± Why is the air in immediate contact with the earth, on a dear 
9ig7U, cooler than the air ai a little distance from the surface t 

Because it parts with its heat to the earth, which in 
turn loses it by radiation. 

3.0dS3 Bow can a thin covering of bass, or even muslin, protect trees 
Jromfrostf ^ 

Because any covering prevents the radiation of heat 
from the tree ; and if trees are not cooled dovm by radi- 
ation, the vapor of the air will rwt he frozen as it comes 
in contact with them. 

Bass — a kind of matting used by gardeners. 

3.0Q8 Why is (he hass or canvas Uself (which covers the tree) always 
drenched wUhdswt 

Because it radiates heai both vfpwards and down- 
wards; in consequence of which it is ^ cooled down 
that it readily chuLs the vapor of the air into dew. 

10e4 Whai is (hs cause of mist or earth-fog t 

If the night has been very calm^ the radiation of heat 
from the earth has been very abundant; inconsequence 
of which tie air (resting on the earth) has been chiUedy 
and its vapor condensed into a thick mist. 

lOec Why does ilbt the mist become dew f 

Because the chill of the air is so r«p<^,.that vapor is 
condensedyiw^ than it can be deposited and (covering 
the earth as a mist) prevents any farther radioMon oj 
heat from the earth. 

10d6 Wh&n the earth can no longer radiate heat upwards, does %t con^ 
iinue to condense the vapor of the air t 

No ; the air (in contact with the earth) becomes about 
equal in temperature with the surface of the earth itself; 
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Mist and dew Tanleh at simrlse. No dew in citle& 

for which reason the mist is not condensed into dew^ but 
TQindis^ floating above the earth as a thick cloud. 

1097 This mist seems to rise higher and higher^ aiid yei remains quits 
€is dense hdoto as ai first: explain the cause of this. 

The air resting on tiie earth is first chilled, and chUU 
the air resting on it ; the air which touches this new 
layer of mist being also condensed, layer is added to 
layer ; and thus the mist seems to be rising^ when (in 
fact) it is only deepening. 

10Q8 Why do mist and dew vanish as (he sun rises f 

Jecause the air becomes wa/rmer at sunrise, and alh 
s the vapor. 

lOee Can the dew properly he said to *'faUf" 

Now ; dew is slLwsl^ formed ttpon the smface of the 
material upon which it is found, and does not fall from 
the atmosphere. 

1100 Boes ike color ofajn object influ&nce (he deposUvon of dew f 

It does to a considerable extent. 

1101 Ebw can this he shownt 

If we take pieces of red, black, green, and yellow 
glass, and expose them when the dew is condensing, we 
snail find that moisture will show itself flrst on tiie 
yellow and then on the green glass^ but that none will 
appear on the red or blacik class. The same thing will 
take place if we expose cdored fluids in white glass 
bottles. 

1103 Why is the deposition of dew rardy observed in ike dose and 
$hdlered streets of cities t 

Because there the objects are necessarily exposed to 
each other^s radiation, and an interchaiige»qf heat takes 
place, which maintains them at a temperature wnifom^ 
with the an/r^. 

IIO8 When is dew converted into frost f 

If the temperature of the earth, or of the vessel, sink 
to the freezing point or below, the moisture will be de- 
posited as before ; but by freezing, it assumes the solid 
form, and is called frost. 

1104 Why is a dew-drop round f 
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Why a dew-drop Is round. "Why a duck is not wet with water. 

Because every part of it is equally halcmced; and 
therefore there is no cause why one pwrt of the drop 
should be farther from the centre than another. 

1105 Why wiU dew-drops roU about cabbage pUtrUs^ poppies^ &c, wUh' 
out wetting the surface f 

Because the leaves of cabbages and poppies are 
covered with a yery^fine waxen powder^ over which the 
dew-drop rolls without wetting fne surface, aa a drop of 
rain would over dust, 

llOe Why does not a drop of rain wet the dust over which it roUs t 

Because dust has no affinity for water, and therefore 
repels it. 
1107 Why can swans and ducks dive under waier without heing wetted f 
Because their feathers are covered with an oily secre- 
tion^ which has no aflMty for water, and therefore re- 
pels it 

H08 Whai is the figure which water always assumes when unsupported, 
or supported on a surface having little aUractionfor itt 

The figure of a sphere. This figure becomes more or 
less globular or spheroidal in its snapp, as the attraction 
of the substances upon which it is received increases or 
diminishes ? 

11O0 What isiheform of a drop of rain when descending in (he air f 

A sphere. 

mo Why should d/rops of water, resting upon swrfa/xs which have no 
affimiy for them, assume a spTieroidal shape f 

Because such surfaces not having so great an attrac- 
tion for the drops of water as the particles of water have 
for each other, the drops tend to preserve, as nearly as 
possible, the spheroidal form which they would have 
if entirely unsupported, as when falling as drops of 
^min. 

1111 Js dew ever formed upon the surface of water t 

The formation of dew upon ships which traverse the 
vast solitudes of the ocean na« never heen noticed; and 
it has been ascertained by experiment that even a small 
quantity of water gains no weight by exposure during 
a single night. 
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No dew on the oooml No dew fidls on the human body. 

Although dew dof.8 not appear upon ships at a great distance from land, 
it is freely deposited on the same vessels arriving m the vicinity of terra 
firma. Thus, navigators who proceed from the Straits of Sunda to the 
Coromandel coast, know that they are near the end of the voyage wh^ 
they perceive the ropes, sails, and other objects placed on the deck become 
moistened with dew during the ni^t 

fiecaose whenever the aqueous particles at the sur- 
face are cooled, thev become hea/vter than those below 
them, and sinky while warmer and lighter particles rise 
to the top. These, in their turn, become neavier, and 
descend ; and the process, continuing throughout the 
night, maintains the surface of the water and the air at 
nearly the same ternperature. 

11X3 Does dew dqtosii upon ships aiseat 

It appears from the observations made by the United 
States fcroloring Emedition, and from other sources, 
that on the ocean ne(wy deposits of dew sometimes 
occur upon the decks of vessels. 

1114 Why are the exposed pcarts of {he hwaan body never covered wiih 
dewt 

Because the vital heat^ varying from 96° to 98° Fah- 
renheit, eSectasLYLy prevmts such a loss of warmth as is 
necessary to its production. 

Ills In what oountnes are the dews most copious and abunddnif 

In tropical climates. 

me Whaiisfhereasanofihisf 

Because in those countries there is the greatest dif- 
ference between the temperatwre of the day and that 
of the night 

The development of vegetation is greatest in -Epical countries, and a 
great part of the noctumsJ cooling is due to the leaves, which present to 
the 8% an immense number of thin bodies, having large sumoe, weU 
adapted to radiate heat 
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BefleotioiKtfbMt. What an xmjs of heat? 



CHAPTER VI 

BEFLBOnON, ABSORPTION, AND TRANSMISSION OF HEAT. 

1117 Whai is meant by Oie reflection of heal t 

Heat is said to be reflected when it is caused to re- 
hoimd or be thrown hack from the surface of a reflect- 
ing body, 

1118 WTiatareihebeair^lectorsofheatt 
All bright surfaces and light colors. 

mo Are ffood absorbers of heal good reflectors aisot 

No ; those things which absorb heat best reflect heat 
worst ; and those which reflect heat worst absorb it best. 

11130 Why are those things which absorb heai widbk to reflect itt 

Because if anything siuiks in, heat^ as a sponge does 

water, it cannot throw it off from its surface ; and if 

anything throws cff heat from its surface, it cannot 

d/rivk it in. 

IISI Why are reflectors always made of UghJt<dlored and highly' 
poUsfiedmetaif 

Because liahtroclored and highly^Ushed metal makes 
the best of all reflectors. 

112S If metal be such an exceUenl condntctor of heai^ how can it reflect 
heatf or throw it off? 

Polished metal is a conductor of heat only when that 
heat is communicated by a^ctmu, contact / but when- 
ever heat fells upon bright metal m rays^ it is reflected 
back agam^ and the metal remains cool. 

11S3 What is meant " by heat faUvng v^pon metcU in rays^^ and not 
*' by contact r 

If a piece of metal were thrust into a fire, it would 
be in actual contact with the ^e; but if it were hdd 
before a fl/re^ the heat of the nre would fall upon it in 
rays. 

1124 Why will a kettle be slower in boiling if the bottom and sides are 
dean and bright f 
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Use ot white dresses In sainmer. GoMness of high mountains. 

Because hrtffht metal does not absorb heat, but re- 
fleets it ; and (as the heat is throvm off from the sur- 
face of bright metal by reflection) therefore a new ket- 
tle takes a longer time to boil. 

Befleda Jieai — ^th£^ is, throws it ott 

3J>86 Why do pers<m8iD€aruhiU dresses in mmmier-Umet 

Because white throws off the hsat of the sun by re- 
flection, and is a very bad absorbent of heat ; in con- 
sequence of which white dresses never become so hot 
from the scorching stm as dark colors do. 

X186 Why do persons not \Dear white dresses in mnter-Hme t 

Because white will not absorb heat like black and 
other dark colors ; and therefore white dresses are not 
so warm as dark ones. 

* "^137 Why are shoes Tiotterfor being dusty t 

Because dull, dusty shoes wfll absorb heat from the 
sun, earth, and air ; but shoes brightly polished throw 
off the heat of the sun by reflection. 

Ud8 Why do not the solar rays, even in the Jiottest da/y, mett (he snow 
upon the tops of high mountains^ which an-e nearer to the sim than the levd 
portions of (he earth f 

Because they only heat those bodies which can ab- 
sorb their warmthj as the rough surface of the earth. 
The snow is indeed struck bv the rays of the sun, but 
being a white and shining body, it reflects them, and 
remains cold. 

X1S9 Why does it always freeze on (he top of a Ugh mountain t 

1. Because air is heated by contact with the eartKs 
surfa^ce^ and not by solar rays which pass through it : 
as a mountain-top affords very small surface for such 
contact, it remains intensely cold ; and 

2. When air flows up the side of a mountain, it ex- 
pa/nds from diminished pressure ; and consequently 
absorbs heat from surrounding objects. 

Rarefied air can hold more latent heat than dense air can. 

1130 Whai is (he difference between conducting heai and absorbing 
heat J 

To conduct heat is to transmit it from one body to 
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Conduction of heat How fuming oooIb. 

another through a condAictmg medium. To absorb heat 
is to »uc1c it up^ as a sponge sucks up water. 

X18X Give we an example f 

Black cloth absorbs^ but does not conduct heat: thus, 
if black cloth be laid in the sun, it will absorb the rays 
very rapidly; but if one end of the black cloth be 
made hot, it would not conduct the heat to the otheft 
end. 

No ; every good conductor of heat is a bad ahsorbefr 
of it ; and no good absorber of Jieat can be a good con- 
ductoT also. 

3.188 Is iron a good absorber ofheaif 

No ; iron is a good conductor^ but a very bad ah- 
aorber of heat e ^ 

3JL34: If apiece of brown paper be submiUed io Vie action of a burning- 
glass it wiU catch fire nwch sooner (turn apiece of white paper would : ex- 
plain the reason. 

Because white paper reflects the rays of the sun, or 
throws them back ; m consequence of which it appears 
more luminous, but is not so much heated as dark 
brown paper, which absorbs the rays, and readily be- 
comes heated to ignition. 

X136 E&m does the ceaseHess change of air tend io decrease the warmth 
ofanakedbodyf 

The air (which cases the body) absorbs as much heat 
from it as it can^ while it remains in contact ; bein^ 
then blown away, it makes room for a fresh coat oj 
ai/Ty which readily absorbs more heat. 

X136 Does the axr which encases a naked body become (by contacf) at 
warm as the body itself f 

It would do 80, if it remained motionless; but, as it 
remains only a very short Ume^ it absorbs as much heat 
as it can in the time, and passes on. 
UST Why does fanning the face in emnmer make it cool t 
Because the fan puts the air in motion^ and makes 
it pass more rapicUAf over the face ; and (as the tem- 
perature of the an/r is always lower than that of the 
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WlndgenezallffeelieooL UtUity <tf Uaek ketOes. 

hximBnface) each volume of air carries off aomeporUon 
of its neat. 

1188 Doa af<m oocH (he air f 

Ko ; it makes the air hotter by imparting to it the 
heat otU of our face ; but it cools owface by transfer- 
ring its heat to the a4r. 

1188 ^Bm» doeafommng fhefaee increase the heai cfthe airf 
By driving the air more rapidly over the human 
body, and causing it, consequently, to absorb more heat. 

1140 jfffomning makes the oxr hottery why can it make a person fed 
coolerf 

Because it takes the heat out of the face^ and gives 
it to the air. 

1141 Why does wind generally fed codtf 

Because it drives the air more rapidly over our body, 
and this rapid choffige of air draws off a large quantity 
of heat. 

1148 Why does adr absorb heat more quickly by being set in motion f 

Because every fresh gust of air absorbs a fresh por- 
tion of heat ; and the more rapid the succession of 
gvstSy the greater will be the quantity of heat absorbed. 

1148 If (he air were Tiotter than our body would the wind feel coclf 

No; the air would feel insuferably hot^ if it were 
Jvotter tham, awr body. 

1144 Why would the air fed iniensdy hoijifit were warmer than <mr 
bodyt 

Because it would add to the heat of our body, instead 
of dimdmshing it. ^ 

1145 Js the air ever as hot as (he human body f 

In the extreme of summer the temperature of the, 
air sometimes exceeds the natural temperature of the 
body ; and when that is the case, the heat is ahnost ^ 
insupportable. 

1146 Why does a kelUe hoU faster when the b&ttom and sides are 
tovered with soot f 

Because the black soot absorbs heai very quickly from 
the fire, and the metal conducts it to the water. / 
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X3.47 Why do toe wear white Unen and a bkuk c 
to bewarmf 

Because the black outer dress quickly absorbs heat 
trora the sun ; and the white linen (being a bad absorb- 
ent) abstracts no heat from the warm body. 

U48 Wh(d colors care warmai for dresses f 

For outside garments Uack is the warmest^ and then 
such colors as approach nearest to black (as dark blue 
and ^een). White is the coldest color for external 
clothmg. 

3JL4S Why a/re dark cdbrs (for eaiemal wear) so much warmer than 
light ones f 

Because da/rk colors absorb heai, from the sun more 
abundantly than light ones. 

X1.60 Boiw can yon prove ffiai dark colors are warmer than Ughi ones t 

If a piece of black and a piece of white cloth were 
laid upon snow, in a few hours the black doth wHZ 
haA)e melted the snow beneath / whereas the white cloth 
will have produced little or no effect tipon it at aU. 

The darker any color is, the warmer it is, because it is a better absorb- 
ent of heat The order may be thus arranged : 1, black (warmest of all) ; 
2, violet; S, indigo; 4^ blue; 6, green; 6, red; 7, jdlow; and 8, white 
(coldest of all). 

1161 Why does the black skin of a negro never sunburn or bhster with 
ihehoistmt 

Because the black color absorbs the heat, conveys it 
below the surfaxie of the skin, and converts it into se^r 
Mle hea/t BnaperspiraUon, 

1162 Whjf does the white European skin blister and bum when 
exposed to (he hot sun f 

Bqpause white will not absorb heat ; and therefore the 
hot 6un rests on the swface of the skin^ and bums it. 

1163 Why do most of (he animals inhabiting the frigid zones have 
white fur ^ hair, or feathers t 

Because white rad^iates and absorbs but little heat. 

1164 What relation exists between the power of bodies to absorb and 
communicaie heatf 

Those bodies which absorb h&Ki freeh/^ eihopaH with 
it most ramdVy ; that is, they are sooner heated and 
more speedily cooled than other bodies. 
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Tempentore of scalding water. Oeneral effects of heat 

llSg At what temperature do metals bum when handled f 

Metals cannot be handled when raised to a tempe- 
rature of more than one Kwnd/red cmd twenty degrees. 

X166 At uihai iemperoMure does vxster scaJdf 

At one htmd/red cmd fifty degrees. 

11XS7 7b uihaX extent can (he human system sustain the influence of 
heated air f 

Workmen enter ovens, in the manufacture of moulds 
of plaster of Paris, in which the thermometer stands 
100** above the temperaifwre of loHmg water^ and sustain 
no injury. 

If the person so entering a heated oven shonld hold next to his skin a 
piece of metal, the latter would absorb heat with sufficient rapidity to 
bum the sur&ce with which it was in contact 

1168 Why is there so great a difference "between the burning iemperor 
twre ofmetais and air f 

The metals absorb heat quicJdy^ and part with it 
freely ; the air absorbs heat very slowly^ and does not 
readily part with it, 
116Q Whai doss of bodies dBow heal to pass freely through fhemf 
TranspanrerU bodies of little density, as the air, the 
various gases, etc., etc. 



CHAPTEE VII. 



EFFECT OP HEA.T. 



'IIQO What effect has heat upon substances generaOyf 
It expamds them, or enlarges their dimensions, 
liei Are the dimensions of every kind ofmaiter regtdated by heatf 
They are; its increase, with few exceptions, separates 
the particles of bodies to a greater distance from each 
other, producing expansion^ so that the same quantity 
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Form of bodies dependent on heat. Heat expands all matter. 

of matter is thus made to occupy a larger space ; the 
diminution of heat has an opposite effect. 

The expansion of solids by heat is 
clearly shown by the following experi- 
m^it, Mg. 40 : m represents a ring of 
metal, tIu*ough whichi at the ordinary 
temperature, a small iron or copper 
ball, a, will pass freely, this ball being a 
little less than the diameter of the ring. 
If this ball be now heated by the flame 
of an alcohol lamp, it will become so 
&r expanded by heat as no longer to 
vpass thix>ugh the ring. 

lies l8 the form of bodies depend- 
enionheaif 

It is. '^•^• 

1163 How is {his shewn t 

^ By the increase of heat, solids are converted into 
liquids^ and Uqv/ids are dissipated into vapor ; by its 
decrease, vapors are condensed into liquids, and these 
become solia. 

1164 JfmaUer ceased to he influeruxd by Tieatf what would be the effect? 

All liquids, vapors, and doubtless even gases, would 
become permanently solidj and all motion on the sur- 
face of the earth would be arrested. 

1166 Whai are the three most appareTtt effects of heat^ so far as relates 
io the form and dimensions of bodies f 

jEcpa/nsiony Uqttefactiony and vaporization. 

1166 Does heat expand air t 

Yes ; if a bladder (partially filled with air) be tied 
up at the neck, and tdid before the jvre^ the air will 
eiaypamd till the bladder Jmrsts. 

1167 Why wiUlheair swell if the bladder he laid before the fire t 

Because the heat of the fire will drive the particles 
of air apart from each other, and cause them to occupy- 
more room man they did before. 

1168 Does heat escpwnd aU matter f 

Yes ; every thing (that man is acquainted with) is 
expanded by heat. 
116d Mno can we prove that solids expamd with heat t 
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Force tii expioAmL loe, whj Ugbter than water. 

If we take the excujt dimensiona in length, breadth, 
and thickness of any substance when ooldy and measure 
it again when strongly heated^ it will be found to have 
increased in every du^ection. 

X170 Do bodies expand with (he increase of lieat, and conk-ad upon ila 
wiihdrawalf with any degree o/Jbrcet 

Yes ; the force with which bodies contract and ex- 
pand under the influence of heat is apparently vrresist- 
wle^ and is recognised as one of the greatest forces in, 
nature. 

1XTL Whai pecuiUariiy exiab in iha effect of heai vpon ih^ Ind^ 
Jkiidst 

That at a certain temperature increase of heat causes 
them to cowtracty and its dAmvnutum makes them eay 
pand, 

X172 WTua classes of liquids eochibU VUs peculiarity t 
Those only which increase in bulk in passing from 
the Uquid to the solid state, and this change is remarked 
only within a few degrees of temperature above their 
point of congelation. 

1173 WJuxt is a noted eocample of this exception to the geTierat laws of 
hcait 

Water f ice swim^ upon the surface of water, and 
therefore must be lighter, a convincing proof that wa- 
ter in the act of freezing must eoopand. 

1174: Why is the ice produced hy the freesdng of sea vfoler always 
fresh and free from saU t 

Because water, in freezing, if ,in sufficient quantity 
to allow freedom of motion to its particles, eo&pds ail 
imjnt/rities a/nd coloring matters. 

1176 If a solution of indigo he frozen^ why will (he ice formed be cfecc" 
and colorless f 

Because the water in which the indiffo was dissolved 
expels all the blue coloring matter whue freezing. 

117S Why are blocks of ice generaUy fiUed with air-bubbles f 

Because the water, during the act of freezing, expels 
the a/!/r contained in it, and many of the liberated bub- 
bles become lodged and imbedded in the thickening 
fluid. 
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Cftose of weather-worn rocks. Csose of ioidee. What is ioe ? 

H.'7'7 Js ihe force created by (he es^pansion ofvxjJLer in the act of freezing 
very greaif 

Yes; as an illustration the following experiment 
may be quoted : Cast-iron bombnshells, tmrteen inches 
in diameter and two inches thic^ were filled with wa- 
ter, and their apertures or fuse-holes firmly plugged 
with iron bolts. Thus prepared, upon exposure to the 
severe cold of a Canaoian winter, about 19® below 
" zero,'* at the moment the water froze, the iron plugs 
were violently thrust out, and the ice protruded, and 
in some instances the shells burst asunder, thus demon- 
strating the enormous interior pressure to which they 
were subjected by water assuming the solid state. 

ll'TS WJuU %8 the principal cause of (he rotmded and weather-worn 
aspect ofwjme rocks, especially the Umesione a/nd sandstone rocks t 

The esopcmaion of freezing water : water is absorbed 
into theur fissures and pores by capillary attraction, 
and when it freezes during winter, it expands and de- 
taches successive fragments, so that the original sharp 
and abrupt outline is gradually rounded and softened 
down. 

117^ Why^ in the winter^ dotoekt the water run to prevent its freezing 
in the service pipe f 

Because the motion of the water prevents the crys- 
tals of ice from forming or attaching themselves to the 
sides of the pipe. 

1180 CJan a lens be made of ice capable of concentrating (he rays of the 
sun with sufficient iniensUy io infimme substances f 

Yes ; a Imrnvng-lens can be formed of transparent 
ice, of power sufficient to produce effects nearly equal 
to those of lie glass lens. 

1181 What is '' grmndice;^ or ''anchor iceV' 

Ice formed at the lottom of streams or ri/vera. 

118S Upon whai does (he foTTMAion of icUites depend f 

Upon the succemve congdatn/on of drops or slender 
streams of water. 

1183 Whaiisicef 

Frozen water. When the temperature of water un- 
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ExpansioD of water In freezing. 

der ordinary circumstances is reduced to 32® of heat, 
water will no longer remain in a fluid state. 

1184 Ckin water be cooled below 32% under any drcmnstances, wUhoui 
freezing t 

K pure, recently^boUed water ^ be cooled very slowly 
and kept very trcmquU, its temperature may be low- 
ered to 21° without the formation of ice ; but the least 
motion causes it to congeal suddenly, and its tempera- 
ture rises to 32®. 

1186 Why is soUd ice lighter (han water t 

Because water eixpands by freezing ; and as the hUTc 
is increased^ the gravity must be less. 

Nine cubic inches of water become ten when frozen. 

1188 Why are earthen or porcelain water vessels apt to break in a 
frosty night t 

Because the water in them freezes, and {expcmding 
by frost) bursts the vessels to make room for its increas- 
ed volume. 

1187 Why does it not expand upwards (like boiling water) and run 
overt 

Because the surface is frozen first ; and the frozen 
surface acts as Ajptuffy which is more difficult to burst 
than the earthen vessel itself. 

1188 Why do iHeSf stones^ and rocks often split in winter f 

Because the moisture in them freezes^ and (expand- 
ing by frost) splits the solid mass. 

1189 In vnnter-time^ footmarks and whed-ruts are often covered with 
an icy network^ through the interstices of which the soU is clearly seen : why 
does the water freeze in the form ofnetvmk t 

Because it freezes first at the sides of the footprints ; 
other crystals gradually shoot across, and would cover 
the whole surface, if the earth did not absorb the water 
before it had time to freeze. 

110O In winter-time^ these footmarks and wheelrruts are sometime 
covered with a perfect sheet of ice^ and not an icy network : why is this f 

Because the air is colder and the earth harder than 
in the former case ; in consequence of which the entire 
surface of the footprint is frozen over before the earth 
has had time to absorb the water. 
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Water-pipes often burst in irlnter. Bottom of » river rarelj fi-ozen. 

1191 Why is not (he ice solid in these ruts f — why is there OTily a very 
ihinfilm or network of ice f 

Because the earth absorbs most of the water^ and 
leaves only the icjjilm behind. 

110S Why do water-pipes freqiienily burst in frosty weather? 

Because the water in them freezes, and {expanding 
h/frosf) bursts the pipes to make room for its increased 
volume. 

1193 Why does the earth crack in intense cold wecUher t 

The moisture in the soil in the act of freezing <?aj- 
pands^ and forces the particles asunder. The disrup- 
tion of the earth is frequently accompanied with a loud 
sound. 

1194 Does not water eoopand by heat as well as by cold f 

Yes ; it expands as soon as it is more than 42®, tiU it 
boils ; after which time it flies off in steam. 

1196 When does water begin to expand from cold f 

"WTien it is reduced to 40°. Water is wisely ordained 
to be an exception to a very general rule : it contracts 
till it is reduced to 40°, and then it esspands tiU it 
freezes. 

The general rule is this : — ^That cold condemes and contracts the volume 
of nearly everything ; but water is not contracted hj cold after it fireezes 
(which it does at 82°). 

1196 Why does water expand when it freezes t 

The expansion of water at the moment of freezing is 
attributed to a new and peculiar arrangement of its 
particles. IceiB, iaresixty , cry staUized watery and dixr- 
mg its formation the particles arrange themselves in 
ranks and lines which cross each other at angles of 60® 
and 120°, and consequently occupy more space than 
when liquid. This may be seen by examining the sur- 
face of water in a saucer while freezing. 

119*7 Why is the bottom of a river rarely frozen f 

Because water ascends to the surface as soon as it be- 
comes colder than 42°, and (if it freezes) foats there till 
it is melted. 

1198 Show the wisdom of the Creator in this wonderful exception to a 
general law. 
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Whj water freesaa flnt it the BorfaM. Why ruuiiiig water fireeieB slowly. 

If ice were heamer than water it would sink, and a 
river would eoon become a solid hloch of ice, wHch. 
could never be dissolved. 

The general rule is, that all substanoea become heavier from condensa- 
tion ; but ice is UghUr than water. 

lies Why does not ike ice on the sutface of a river chili the water 
beneaffif and make it freeze f 

1. Because water is a very had conductor^ and is 
heated or chilled by con/vection only ; 

2. K the ice on the surface were to communicate its 
coldness to the water beneath, the water beneath would 
communicate its heat to the ice^ and the ice would in- 
stantly wi^/ and 

3. The ice on the surface acts as a shield^ to prevent 
the cold {rom. penetratififf throtcgh the river to freeze the 
water below the surface. 

IQOO Why does water fi-eezeai the mrface first f 
Because the surface is in contact with the ai/r^ and the 
air carries away its heai>. 

laOX TTAy does the coat of ice grow thicker and thicker if the frost 
corUinuest 

Because the heat of the water (immediately below 
the frozen surface) passes th/rough the ice into the cold 
air. 

ISOS Why a/re not whole rivers frozen (layer by layer) tiU they he- 
come solid ice f 

Because water is so slow a conductor, that our froBis 
never continue long enough to convert a whole river 
into a solid mass of ice. 

3.i303 Why does not running water freeze as fast as sWl water f 

1. Because the motion of the current dAsini/rbs the 
crystals^ and prevents their forming into a continuous 
surface; and 

2. The heat of the vmler surface is communicated to 
the ujyper surface by the motion of the water. 

ISO'^ Wh&a rwnning water is frozen^ why is the ice generally very 
rough t 

Because little flakes of ice are first formed and carried 
down the stream, till they meet some (^Macle to stop 
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Sea irater is rarely froien. How the depth of water Inflaences freezing. 

them ; oiher flakes of ice (impinging against them) are 
arrested in like manner ; ana the mgea of the different 
flakes overlapping each other, make the surface rough. 

ISOS Why do some parts of a river freeze less than others t 

Becanse springs issue from the bottom, and (as they 
bubble upwards) thaw the ice^ or make it thin. 

Ii30e When persons faU into a river in winier-Ume, why does the water 
fed remarkoMy warm f 

Because the frosty air is at least ten or twelve de- 
grees colder than the water is. 

The water below the surfece is at least 42", but the air 32", or even 
less. 

120*7 Why is sea wai/er rardy frozen f 

1. Because the Tnass ofwojter is so great^ that it re- 
quires a very long time to cool the whole volume down 
to forty degrees ; 

2. Ihe m) amd flow of the sea interfere with the 
cooling influence of the air ; and 

3. Salt water never freezes till the feurface is cooled 
down to twenty-seoen degrees^ or five degrees below the 
freezing point of fresh water. 

1808 Why do some takes rarely (^f ever) freeze^ 



1. Because thejr are very deep: and 

2. Because their water is supplied by < 



- ^pmi^^ which 
bubble from the bottom. 

ISOS How does the dep^ of water influence its freezing f 

It is necessary that the whole volume of water should 
be reduced to forty degrees before the sitrface wiU 
hegvn to freeze ; ana the de^er the water, the longer it 
will be before the whole volume is thus reduced. 

1210 Why do springs at the hottom of a lake prevent its freeziTigf 
Because they keep continually sending forth water 
having a temperature above that of the mass of the 
wat&Ty which prevents the lake from being reduced to 
the necessary degree of coldness. 

ISll It is m/yre chiUy in a thaw than in a frost : eaplain tfte reason 
of this. 

When frozen water is thawed, it absorbs heat from 
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Why it is chilly daring a thaw. Cause of hoar-frost 

the aeV, etc., to melt the ice ; in consequence of which 
the heat of the air is greatly reduced. 

Ii31d Jl is warmer in a frost than in a thaw : explain ike reason of 
(Ms. 

When waXerfreeseSj it pves out latent hedt, in order 
that it may be converted mto solid ice; and, as much 
heat is liberated from the water to the atmosphere, the 
air feels warmer. 

1^18 SaU dissolves ice: eotpJain the reason of this. 

Water freezes at thirty-two degrees, but aciU and 
water will not freeze till tne a/i/r is live degrees colder ; 
if, therefore, salt be added to frozen water, it dissolves 
it, unless the thermometer stands below T. 

1S14 Why does (he frostT^ winter make the earth in spring loose and 
friabUf 

Because the water absorbed by the earth in warm 
weather, expanding hy the frosty thrusts the particles 
of earth apart from each other, and leaves a chink or 
crack between. 

1S16 Shovj the wisdom of the Oreaior in (his arrangement 

These cracks in the earth let in air, dew, rain, and 
many gases favorable to vegetation. 

XS16 Why are deUcaie trees covered xoiih straw in winter f 

Because straw (being a non-conductor) prevents the 
sa^ of the tree from being frozen. 

ISIT What is hoarfrost f 

There are two sorts of hoarfrost : 1. Frozen dew / and 
2. Frozen fog. 

1S18 Whai is (he cause of the ground hoarfrost, or frozen dew f 

Yery rapid radiation of heat from the earth ; in 
consequence of which the surface is so cooled d/mn^ 
that \t freezes the dew condensed upon it. 

ISIO Why is hoarfrost seen only after a very dear night t 

Because the earth will not have thrown off heat 
enough by radiation to freeze the vapor condensed upon 
its simace, unless the night be very clear indeed. 

1S80 Whai is (he cause of ihat hoarfrost which arises from frozen fog t 



Digitized 



by Google 



8CIEN0B OF COMMON THINGS. 185 

Where hoar-froet does not aoenmnlato. Froetwork on windows. 

The thick fog which invested the earth during the 
night (being condensed by the cold frost of early morn- 
ing) is congealed npon efoery object with which it conies 
in contact. 

ISdl Why is there UUle or no hoarfrost wider shrubs and sJiady trees f 

1. Because the leafy top arrests the process of radi- 
ation from the earth ; and 

2. Shrubs and trees radiate heat towards the earth ; 
and therefore the grotmd beneath is never cold efnough 
to congeal the little dew which rests upon it. 

ISdd Why does hoarfrost very often cover the ground and trees, when 
the waiter of rwers is notfrozenf 

Because it is not the eflfect of cold in the an/r^ but 
cold on the surface of the eoHh (produced by excessive 
radiation), which j^^s^ t?i6 dew condensed upon it. 

XS28 Why is (he hoarfrost upon grass and vegetables much thicker 
than that vpon lofly trees f 

Because the air (resting on the surface of the ground) 
is much colder after sunset than the air higher up / in 
consequence of which more vapor is condensea and 
frozen there. 

3.8S4 WhaJt is the cause of the pretty frostwork seen on bedroom win- 
dows in winter-tiTnef 

The breath and mseimble ^>erspiraHon of the sleeper 
(coming in contact with the ice-cold window) are frozen 
by the cold glass, and, crystallizing, form those beautiful 
appearances seen on a winter morning. 

X13J36 Are aU thefigvre? of frostwork formed in accordance wi£h certain 
fixed laws f 

All these figures are limited by certain la/vos^ and the 
lines which bound them form among themselves no 
angles but those of 30**, 60% and 120". 

3.J3J36 If you fracture thin ice by allowing apcAe or weight to faU upon 
it, will the lines of the fracture have anything of regularity t 

Yes ; the fracture will generally present a star with 
six equidistant radiiy or angles of 60°. 

3.dd7 Why is a glass or earthen vessel apt to break when hot water is 
poured into itf 

Because the inside of the glass is expanded by the 
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Whj glus hntJLB when placed in hot water. Why a tttave sni^. 

hot water, and not the outdde ; so the glass snaps in 
consequence of this unequal expansion. 

12238 Why is not (he outside of the glass expanded by theliot waier as 
weU as the inside t 

Because glass is a had cond/actor of heat^ and hredks 
before the heat of the inner surface is conducted to the 
outside. 

ISSO Why does a glass snap became the inner surface is hotter than 
iheouterf 

Because the inner surface is expanded, and not the 
outer ; in consequence of which an opposing force is 
created which breaks the glass. 

3i330 Why does a cooper heat his hoops red hot when Tie puts them on 
atubf 

1. As iron eixparnds hy heaiy the hoops will be la/rger 
when they are red hot ; in consequence of which they 
will fit on the tub more ea^iy ; and 

2. As iron cont/racts hy coldj the hoops will shrink 
as they cool down, and girt the tub with a tighter 
gra^. 

1831 Whig does a whedvoright make Que tire red hoi which Tie fixes on 
awhedt 

1. That it may^ on Tnore easily; and 

2. That it may girt the wheel more UghQy. 

IJiSii Why wiU the wheelwrights tire fit the whed more easily for being 
made red Tiott 

Because it will be expamled by the heat, and (being 
larger) will go on the wheel more easily. 

1233 Why wiO, the tire which has been put on hot girt the whed mare 
fwrrH/yf 

Because it will shrimk when it cools down, and 
therefore giH the whed with a tighter gra^sp. 

1234: Why does a stove make a crackling noise when afire is very hott 
Because it expamds from the heat ; and the parts of 

the stove rutUxmg against each other, or driving against 

the bricks^ produce a crackling noise. 

123£S Why does a stove make a similar crackling noise when a large 
fUreisputoutf 
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Why clocks go ftster in snmmer than in winter. 

Because it contracts againj when the fire is re- 
moved ; in consequence of which the parts rub (waiThst 
each other again, and the^<xr^ are again disturbed, 

1.2336 Why are Hie nails in almost aU old houses hose and easily 
drawn otUf 

Because the iron expo/nds in the summer^ and covr 
tracts in the winter, more than the stone or wood, and 
thus the opening is gradually enlarged after a lapse of 
time. 

1837 Why does a piano give a Mgher tone in a cold than in a warm 
roomf 

Because in a cold room the strings are contracted 
ami tighter. 

1J338 Why do clocks go slower in summer and faster in winter f 

Because the pendulums elongate in summer through 
the effects of heat, and consequently vibrate slower ; 
while in wi/nter they contract, become shorter, and 
vibrate more rapidly. 

XS30 How is (his inequcdiiy in the raie of motion in timepieces dbviaied f 

By what is called a compensating pendulum ; that 
is, one constructed of two metals, possessing different 
expansive powers, in such a manner that lie greater 
expansion of one bar in one direction equals the less 
expansion of other bars in a different direction, and 
thus maintain an invariable length of the pendulum. 

1S40 Does wood expand under the influence of heat differently from 
metalf 

Yes ; an iron bar expands and contracts equally in 
all directions, but wood expands and contracts more in 
hreadth than in length. 

1.24:1 Why wiU apersouy buying oH, Tnolasses, spirits^ etc, by ihe mea- 
swre, gel a greaier weight of the samA maieriaX in ihe same m^aswre in the 
winter than in the summer t 

Because these licjiuids contract and occupy less space 
in the winter than m summer ; consequently it requires 
more of the same kind to fill the same space in winter 
than in summer. 

1848 Bow can heai he measfwredf 

Only by its effects : since the magnitude of any body 
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What Is tempentan f Thermometeis and pTnmietenL 

changes with the heat to which it is exposed ; and since, 
when subject to the same calorific influences, it always 
has the same magnitude, these dilatations and contrac- 
tions, which are the constant effects of heat, may be 
taken as the measure of the physical cause that pro- 
duced them. 

123^^ Whaiisihetenq>eratureofahodyt 

It is the dct/ual state of a body at any moment, deter- 
mined by a comparison of its magnitude with the heat 
to which it is exposed. 

1844 WhoA is a chomge of temptraJtwrtf 

The change in Tnagnitvde which a body suffers by 
changes in the h>eat to which it is exposed. 

12346 Whai are the insirumemts for rnaosuHng h^ 
Thermorrietera Sini jpyrometers. 

1846 WhcUis the difference betmen them t 

A thermometer is used for measuring moderate tern- 
perdtwres ; while ihQ jpyrom^eter is chieny applied to de- 
termine the more defoaited degrees of heat. 

1847 WhaX substances are best adapted for measuring the effects of 
Tieai by their eocpansion and contraction f 

LiqwidSj above all other substances. 

1848 Why are liquids best adapted for this purpose? 

Because in solids the direct expansion by heat is so 
small as to be seen or measured with diflBculty ; in air 
or gases it is too extensive and too liable to be affected 
by atmospheric pressure ; but liquids are free from both 
disadvantages. 

1840 Whjot liquid is generally used for the construction of ordinary 
thermometers t 

Mercury or quicTcsiVver. 

1850 WhaJt metal is distinguished from aU others by its fluidity at 
ordinary temperatures t 

Mercu/ry or quicksilver. 

1851 Does mercury, like other metals, expand by heatf 

It readily expa/nds or cont/racts with every variation 
of temperature. 
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Use of meroTuy in thermometers. How thermometers are constmctcd. 

lidCSS Why is rnercury pr^erabU to aU other liquids for the purposes 
of the ihermometerf 

Because it hoils at a higJier temperature than anj 
otlier liquid, except certain oils; and, on the other 
hand, it freezes at a lower temperature than all otlier 
liquids, except some of the most volatile, such as ether 
and alcohoL 

Thus, a mercurial thermometer will have a wider range than any other 
liquid thermometer. It is also attended with this convenience, that the 
extent of temperature included between melting ice and boiling water 
stands at a considerable distance from the limits of its range, or its 
freezing and boiling points. 

12363 Of what does the mercwiai thermometer consist f 

The mercurial thermometer consists essentially of a 
glass tube with a bulb at one extremity, and which, 
having been filled with mercury at a certain tempera- 
ture, mtroduced thi'ough the open end, has been her- 
metically sealed while full, so that no air can after- 
wards enter it. 

As the tube and mercury in it gradually become cooled, the inclosed 
fluid contracts, and consequently sinks, leaving above it a vacant space 
or vacuum, through which it may again expand on the apphcation of 
heat 

XQS4: As iherTnometers are constructed of different dimensions and 
capacities, hov) are they graduated to indicate the same temperature under 
the sarm circuTosUvnces^ as Ihefreezmg point, for example t 

The thermometers are first immersed in melting snow 
or ice. The mercury will be observed to stop in each 
thermometer-tube at a certain height; these heights 
are then marked upon the tubes. Now it has been 
ascertained that at whatever time and place the instru- 
ments may be afterwards immersed in melting snow or 
ice, the mercuiy contained in them will always fix itself 
at the point thus marked. This point is called the 
freesmg povrd of water. 

1866 Emj is the hoUing point ascertained t 

It has been found that at whatever time or place the 
instruments are immersed in pure water, when boiKng, 
provided the barometer stands at the height of thirty 
mches, the mercury will always rise in eacn to a certain 

9 
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DetcrmiDation of Iho boiling and freezing points 



height. Tliis, therefore, forms another ^aj<?rf poird on 
tlie geometric scale, and is called the hoding voint. 

18G6 Uow are Ihe vatermedicUe points determined f 

In Fahrenheit's thermometer, the intervals on the 
scale, between the fi*eezing and boiling points, are 
di\dded into 180 equal parts. This division is similarly 
continued below the freezing point to the place 0, and 
each division upwards from mat is marked with the suc- 
cesbive number 1, 2, 3, etc. The freezing point will 
now be the 32d division, and the boiling point will be 
the 212th division. These divisions are called degrees^ 
and the boiling point will therefore be 212°, and tlie 
freezing temperature, 32°. 

1SS7 When and by whom was ihe thermometer invented? 

Tlie thermometer was invented about the year 1600; 
but, like many other inventions, the merit of its dis- 
covery is not to be ascribed to one pereon, but to be 
distributed among many. 

ISSS Why is the {fiermometer in general use in i?ie United StaieSj 
England^ and Holland, caXted Fahrenheit's thermometer f 

Because thermometers having a like graduation were 
first manufactured by rahreimeit, a Dutch philoso- 
phical instrument-maker. The employment of mercury 
as the most suitable fluid for the thermometer is also 
usually attributed to him» 

R F 1Q59 How many kinds of thermometers 

are in general use f 



SOHII 



Fi«.41. 



Th'ee: Fahrenheit'' 8^ Heavr 
mw^Sj and the Centigrade ther- 
mometer, or thermometer of 
Celsius. 

iSaO Whai constitutes the difference 
between these instruments f 

Tlie diflferences of gracbuUion 
between the freezingand boiling 

Soints of water. Keaumur is 
ivided into eighty degrees, the 
Centigrade into one tmndred^ 
and F^hr^nh^it's into ^e Ivan- 
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Different Tarieties of thermometers. Constrttetioii of pyrometers. 

drcd and eighty. According to Keanmur, water freezes 
at 0'', and boils at 80°; according to Centigrade, it 
freezes at 0"*, and boils at 100° ; ana according to Fah- 
renheit, it freezes at 32°, and boils at 212°; the last, very 
singularly, connnences counting not at the freezing 
point, but 32° below it. 

The differences between these instruments can be easUy seen by refer- 
ence to Fig, 41. 

1261 In wTuU countries are the Beaumur and Centigrade thermometers 
generally used? 

Reammwr is in general use in Genrumy^ and the 
Centigrade in France ; but for scientific purposes the 
Centigrade is almost universally adopted. 

1262 Ai whai temperoAwre does vnercury freeze f 

At about 39*^ lelow the zero of Fahrenheit's thermo- 
meter. 

1263 Hov) are degrees of cold more intense'ihan this measured f 

By using a thermometer filled with alcohol colored 
red, as this fluid when pure does not congeal at 100** 
Fahrenheit below zero. 

1264 At what temperature does mercury toUf 

At 660** Fahrenheit 

1266 How are temperaiwes greater than this determined f 

By means of the eoima/ndon of solids ; and instru- 
ments founded upon this principle are commonly called 
j^omeieTB. 




Ffg* 43. 
The construction of the pjnrometer is represented in Fig. 42. A repre- 
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WhitlBllqaeliMtionr Why ioe is melted by heat " 

gents a metallic bar, fixed at one end, B, but left free at the other, and in 
contact with the end of a pcHnter, K, moving fireely over a graduated scale. 
If the bar be heated by the flame of alcohol, the metal expands, and 
pressing upon the end of the pointer moves it, in a greater or leas degree. 

1S3QQ On whai principle have pyrometers generally been constructed f 

On the relative ea^ansion of bars of iron, or some 
other metal. 

1SQ7 Does a thermometer inform us how much heai any body con- 
tains? 

No; it merely points out a difference in the temr 
perature of two or more substances. All we learn by 
me thermometer is whether the temperature of one 
body is greater or less than that of another ; and if 
there is a difference it is expressed numerically — 
namely, by the degrees of the thermometer. 

It must be remembered that these degrees are parts of an arbitrary 
scale, selected for convenience, without any reference whatever to the 
actual quantity of heat present in bodies. 

12368 After the expansion of soUds, when acted upon hy heai^ toJuU 
other effect is next observed f 

They change iheir original statej become liquid, or 
melt. Many of them become 8oft before melting, so 
that they may be kneaded ; for instance, wax, glass, 
and iron; in this condition, glass can be bent and 
moulded like wax, and iron can be forged or welded. 

ISGO Whai is meant by Uquefdclionf 

The conversion of a solid into a Uquid by the agency 
of heat, as solid ice is converted into water by the heat 
of the sun. 

1J370 Why is ice mdted by the heai of the sun f 

Because, when the heat of the sun enters the solid 
ice, it forces its particles asu/ndery tiU their attraction 
of cohesion is sufficiently overcome to convert the solid 
ice into a liquid. 

1J371 Why are metals rneUed by the heat of fire f 

Because, when the heat of the fire enters the solid 
metal, it forces itsparticles asunder^ till their attraction 
of cohesion is sufiieiently overcome to convert th^ solid 
metal into a liquid. 
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What is a solntioii f Whj water dlasolyes sngar. 

IS 70 When salt is mixed with water and disappears in ihe Uquidf 
what is said to have taken place f 

The salt is said to have dissolved in the water, and 
the liquid is now a solution of salt. 
12 73 Whxit, ihenj is a soliUion f 

A solution is the result of an attraction or affinity 
between a solid and a fluid ; and when a solid disap- 
pears in a liquid, if the compound exhibits j>erfect 
transparency^ we have an example of o, perfect solution. 

1S74 Wherh is a sciutUm said to he saturated f 

When the fluid has dissolved as much of the solid as 
it is capable of doing, it is said to be saturated j or, in 
other words, the afiinity or attraction of the nuid for 
the solid continues to operate to a certain point, where 
it is overbalanced by the cohesion of the solid ; it then 
ceases, and the fluia is said to be satm^ated. 

1276 What is ihe difference heb/oeen a solution and a mixture f 

A solution is a chendcal union; a mixture is a mere 
mechanical union of bodies. 
12 70 Why win water dissolve sugour f 

Because there is attraction or affinity between the 
particles of the water and the particles of the sugar. 

1277 What do we m£an ly affinity f 

Affinity is that kind of attraction in virtue of which 
bodies of a dissimilar character combine together into 
a whole, which appears perfectly uniform to the senses, 
even when assisted oy powerful magnifying instruments. 

1278 Why wiU not water dissolve granite or mdoMc iron f 

Because there is not sufficient affinity or attraction 
between the particles of the water and those of the iron 
or granite. 

1270 Are (here any liquids thai have suffwimt affimJby to dissolve iron 
and granite f 

Yes ; certain acids have so great an affinity for the 
iron and granite that they are enabled to dissolve them. 

1280 Why wtU not water dissolve oUf 

Because there is no affinity or attraction between the 
particles of the two substances. 
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Yaporixation. Why heat oonyerta water into eteam. 

U381 Why wm alcohol and ether dissohe oaf 

Because the attraction or affinity between the alco- 
hol or ether and the oil is su&cient to enable them to 
effect a solution. 

1888 W?iateJfki7uish£atuponihedis8dvingpower of liquids t 

In most cases the addition of heat to a liquid greatly 
increases its solvent properties. Sot water will oissolve 
much more sugar than cold water, and hot water will 
also dissolve many things which cold water is unable 
to affect. 

1883 Why does not vx)odmeU like metdlt 

Because the heat of the fire decomposes the wood into 
gaSy smoke^ and ashes^ and the different parts sepa/ra^ 
from each other. 

1884t Whai is mearU by vaporizaiionf 

The conversion of a solid or liquid into vapor ; as 
snow or water is converted into vapor by the neat of 
the sun. 

1886 Why is toaier converted inio steam by the heed offhefire t 

Because, when the heat of the fire enters the water, 
it s^arates its gldbvles into very minute particles^ which 
(bemg lighter than air) fly off from the surface in the 
form of steam. 

1888 Why do doors swell in rainy weaiher f 

Because the air is filled with vapor^ which (pene- 
trating into the pores of the wood) forces its particles 
farther apart^ and swells the door. 

1887 Why do doors shrink in dry weather ? 

Because the moisture is absorbed from the woody and, 
as the particles are brought closer together^ the size of 
the door is lessened / in other words, the wood shrinks. 

1888 Why does a drop of water sometimes roU along a pi^ce of hot 
iron wUhout leaving the least trace t 

Because the bottom of the drop is changed into vapor^ 
which bumfs the drop vp^ without allowing it to touch 
the iron. 

188e WhydoesiiroU^ 
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Volatile sabstancea. What is distillatioii ? 

Because the awrrent of air (which is always passing 
over a heated surface) ari/oes it along. 

1590 Why does a laundress pui a litUe saliva on a flat-iron to know if 
UheJioterumght 

Because when the saliva sticks to the iron and is 
evaporajted^ she knows it is not sufficiently hot; but 
when it runs along the iron^ it is. 

1591 Why is (he flat-iron hotter if the saiiva runs along it, than if it 
adheres till His evaporated t 

Because "vdien the saliva runs along the iron, the heat 
is sufficient to convert the bottom of the d/rop into vapor / 
but if the saliva wUi not roU^ the iron is not sufficiently 
hot to convert the bottom of the drop into vapor. 

3.S9S To what stibstances do we apply the term " volatile f" 

To those which have a great tendency to assume th^ 
gaseous form. 

1.S93 To what substances do we apply the term "/fa^"" or " nonrvola- 
titer 

To those in which the tendency to assume the gaseous 
form is small, 

1S94 Do vapors occupy much more space than Vie stibstances from, which 
(key were produced f 

They occupy a much greater s^a^ce / water, in passing 
from its point of greatest density into vapor, expands to 
sixteen hundred a/nd ninesty-six times its volume. 

IJZQB Under what two heads does the subject of vaporizajtion dmde 
itsdff 

Into ebulUtion and evaporation 

1836 WhatisdistiUcUionf 

A process by which one body is separated from an- 
other oj means of heat, in cases where one of the bodies 
assumes the form of vapor at a lower temperature than 
the other ; this first rises in the form of vapor, which is 
received and condensed in a separate vessel. 

1J3G7 Ebw is the process of simple distillation effected f 

A peculiar-shaped vessel called a retort {Fig. 43) is 
half filled with a volatile liquid and heated ; the steam, 
as it forms, passes through the neck of the retort into a 
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Why distilled water la rery pure. 



GonstractioM of a stilL 



glass receiver contained in a vessel filled witli cold 
wdter^ and is then condensed. 




Fi«.43. 

1.298 Why is water obtained in (Ms manner by disiiUation purer than 
spring water f 

Because the non-volatile, earthy, and saline portions 
contained in all spring waters do not ascend with the 
vapor^ but remavn in the retort. By this means very 
volatile bodies can be easily separateu from less volatile 
ones; as brandy and alcohol from the less volatile 
water which may be mixed with them. 

1.2399 When the vessel used for generating iJie vapor is very large, what 
is it caUed t 

A "«^iK/" and, for con- 
densing the vapor, vats are 
constructed, holding ser- 
pentine pipes or " womns^'* 
which present a greater 
condensing surface than 
if the pipe had passed di- 
rectly through the vat. 

To keep the cofl of pipe cool, the 
vats are kept filled with cold water. 
(See Fig. 44.) 

In this figure o is a furnace, in 
which is fixed a copper vessel to contain the fluid. Heat being applied, 
the steam rises in the head &, and passes through the worm d^ which is 
placed in a vessel of water, the refrigerator. The vapor thus generated is 
condensed in its passage, and passes out as a Hquid by the external pijw 
into a receiver. 

1300 Whai is the difference ^tween drying by heai and disHlHng? 




Fig. 44. 
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What is evaporation f Danger of wearing wet clothes. 

In the one case, tlie substance vaporized, being of no 
use, is allowed to escape or become dissipated in the 
atmosphere; while in the other, being tne valuable 
part^ it is caught amd condensed into the liquid form. 

3L301 Whal is the vcuporfrom darr^ linen t 

The vapor from damp linen, if caught, would be dis- 
tilled water. 

1.30S Whai is evaporation t 

The conversion of a fluid into 'oa/por. 

When vaporization takes place only from the surface of a body, either 
because the heat has access to that part, or because the evolution of 
vapor takes place through the medium of a gas or air already present, the 
action can only be recognised by the diminution of the bulk of the body : 
this phenomenon is called evaporation. 

1303 Whai effects are produced by evaporation f 

The substance vaporized absorbs heat from the body 
whence it issues ; and the body, deprived of a portion 
of its sithstance by evaporation, loses hea>t. 

130<4: If you wet your finger in your mouthy and hold it up in (he air, 
why does it feel cold t 

Because the saliva quickly evapora^tesj and (as it 
evaporates) absorbs heat from the Jmger^ making it feel 
cold. 

1306 If you bathe your temples with ether, cologne waier, spirits^ etc., 
why does it allay inJlammaUon amd feverish heai t 

Because these liquids very rapidly evaporate^ ajid (as 
they evaporate) absorb heat from the burning head^ 
producing a sensation of cold. 

1306 Why do we fed cold when we hxive wet feet or chiheS f 

Because the wet of our shoes or clothes rapidly eva- 
porates, and (as it evaporates) absorbs heat from our 
oody^ which makes us feel cold. 

1307 Why do wetfeei, or doihes give us " coldf^ 

Because the evaporation absorbs heai, so abundantljr 
from the surface of our body, that its temperature is 
lowered below its natural stam.da/rd; in consequence of 
which health is injured. 

1808 Why is it dangerous to sleep in a damp bedf 

Because the heat is continually absorbed from the 
9* 
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Health injured by redndng the temperature of the body. 

surface of our body to cormert the damp of the sheets 
into vapor : in consequence of which our animal heat 
is reduced odow the healthy standa/rd. 

1800 Why is haaUh ir^wred fohm Vie iemperaktre of (he body is 
reduced Mow Us natural standardt 

Because the halanoe of the circulation is destroyed. 
Blood is driven away from the external surface bv tlie 
chillj and thrown upon the internal organs^ which are 
oppressed by this increase ofUood. 

1310 Why do toe not fed the same sensation of cold if we throw a 
waterproof coat over our wet clothes f 

Because water-proof coats (being air-tight) prevent 
evaporation^ and (as the wet ca/nm>t evaporat^ no heat 
is absorbed from our bodies. 

1311 Why does sprinkling a hot room wOh water cool it f 
Because the heat of the room causes a rapid evaporor 

tion of the sprinkled water ^ and as the water evaporates, 
it ahsorhs heat from the room^ which cools it 

1315 Why does watering the streets and roads cool them f 

Because they part with their heat to promote the eva- 
poration of the water sprinkled on them. 

1313 Why does a shower of rain cool the air in summer-lime f 

Because the wet eartii parts with its heat to promote 
evaporation ; and when flbe ea/rth is cooled, it cools the 
air also. 

1314: Why is Unen dried by being exposed to (he windf 

Because tiie wind accelerates evaporation by removing 
the vapor from the surface of the wet Ivnen as fast as it 
is formed. 

1316 Why does dff'oining lomd promofA WQfrmXh 

Because abstracting water dimJmishes evaporation / 
in consequence of which less heat is withdrawn fi'om the 
earth. 

1313 Why does ctdtivaHon increase (he warmih of a country t 
A cultivated country is better drained, and laid open 
to the rays of the sun. The forests being cut down, 
the snow quickly disappears in the spring, and the 
earth soon becomes dry. 
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Air cool after a rain. Production and nature of steam. 

ISIV Why does bread after the lapse of a few days become dry and 
stale f 

Because the moisture contained in it evaporates ; the 

E articles then shrink, and the whole mass becomes 
ard. 

1818 Why is not (he vapor ofiheseasdUt 

Because the ealt is always left lehind in the process 
of evaporation. 

1819 " AU the rivers run irUo the sea :" why is mt the sea full t 

Because the quantity of water evaporated from the 
surface of the sea is emial to the <]^uantity poured into 
it by the rivers ; therefore the sea is never fulL 

1820 Why is UfrequenUy cooler after a rain t 

Because water which falls from the atmosphere soon 
returns to it in the form of vapor^ carrying with it, in 
the latent form^ a large amount of heat taken from 
every object, thus moderating the temperature of the 
earth, and refreshing the animal and vegetable creations. 

18S1 Does evaporation take place from the smface of snow and ice t 
Yes, to a very considerable extent^ even when the 
temperature of the air is ielow the/reezing point 

ISSS Whatissteamt 

The vapor of hoiUng water. 

1838 2s steam visible or invisible f 

Steam is invisible; but when it comes in contact 
with the air (being condensed into small drops) it in- 
stantly becomes visible. 

1324: How do you know that steam is invisible f 

If you look at the spout of a boiling kettle, you will 
find that the steam (which issues from the spout) is 
always invisible for about half a/n inchy after which it 
becomes visible. 

132S Why is the steam invisible for half an inch t 

Because the air is not able to condense it, as it first 
issues from the spoilt ; but when it spreads and comes 
in contact with a larger volume of air, the invisible 
steatn is readily condensed into visible drcfps. 
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Vapor of water ahrajs exists in air. Wlilte appeanmce of steam. 

X3S6 Does air ever exist without steam or vapor of waier f 

Air without Bteam (theoretically called dry air) is 
not known to exist in nature, and is probably not pro- 
ducible by art. 

1827 Is the visible maiUer, popularly caUed stearrty really true steam t 

By no means, and should be carefully distinguished 
from steam proper, or the aeriform state of water. The 
cloud or smoke-like matter alluded to is really not an 
air or vapor at all, but a dust-like cloud ot minute 
bodies of Uquid water, wafted by a current either of 
true steam, or, more frequently, of mere moist air. 

1328 Is U necessary to (he production of steam (hat water should he 
raised to the boiling temperature t 

It is not ; £he surface of any waterj' liquid, ahout 20® 
wa/rmer thrni any swperincuriwent avr (nowever warm 
or cold that may be), rapidly gives off true steam, which 
is invisible, but which no sooner mixes with colder air 
than it is recondensed into water, and assumes the 
forms of minute globules. 

1823 Whai causes the visible white appearance of condensed steam f 

The myriads of mirntte globules of water into which 

the steam is condensed are separately invisible to the 

naked eye, but each, nevertheless, renects a minute ray 

of white light. The multitudes of these reflecting 

points, therefore, make the space through which they 

are diffused appear like a cloudy body, more or less 

white, according to their abundance. 

1830 In whai manner is the production of steam in boiling water first 
manifested f 

When steam begins to be produced, as in the process 
of making water boil, and the heat overcomes the 
atmospheric pressure on the surface, small bubbles are 
formea, adhering slightly to the sides of the vessel. 

1881 In what parts of the boiler will its development be most conspicu' 
oust 

The bubbles are formed most rapidly at those points 
against which the flame is most strongly directed. 

1332 Eow much lighter is steam than water 7 
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Different spaces occupied by steam and water. Pressure of steam. 

About 1700 times; because a quantity of water 
yields nearly lYOO measures 
of steam at 212° F. 

Fig. 45 represents the comparative 
volume of water and of steam. 

1333 Ebw much steam wiU a cubic 
inch of water furnish t 

A cubic inch of water ex- 
pands into about a cubic foot 
of steam at 212^ F., under the 
ordinary atmospheric pres- 
sure. 

1334: Upon whai does ihe power of j.. ^ 

stea/m depend f 

On the tendency which water possesses to expand 
into vapor when heated to a certain temperature. 

1336 Whai is (he most important property of steam t 

Its elasUcity or pressit/re. By virtue of this property, 
when freed from tne limits which confine it, steam will 
dilate into any space to which it may have access. 

1336 Jf a quantity of pure steam he confined in a close vessel^ in what 
manner toiU its pressure be exerted T 

It will exert on every part of the interior of the vessel 
a certain pressure directed oidwa/rds^ and having a ten- 
dency to ov/rst the vessel. 

133T Rq^ grectt a pressure does steam, formed under ordinary cir- 
cumstances^ have to overcome before it can rise from the surface of the water f 

That of one atmosphere— ff teen pounds on every 
sqtiare inckj or one ton on every sqybare foot — ^a force 
equivalent to the strength of sue hwndred Ivorses, 

1338 What happens when the temperature of steam generated under 
ordinary pressures is reduced below 212° F. f 

It is immediately condensed into water. 

1339 As steam sustains and elevates a weight occasioned by the pressure 
of the aimospherCy of fifteen pounds per square inch, what takes place when 
a column of sf^cmh is immediately condensed f 

The atmospheric weight will immediately fall with a 
force equal to that with which it was raised. 

1340 E(yw can steam be used to advantage for cooking vegetables, etc. f 
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In cookery, if steam raised from boiling water be 
allowed to pass through meat and vegetables, it will be 
condensed upon their surfaces, imparting to them the 
latent heat which it contained before its condensation, 
thus cooking them as eflfectually as if they were im- 
mersed in boiling water. 

1341 What do we mean wJten toe speak of highrpressure steam f 

High-nressure steam is merely steam condensed^ not 
by withdrawal of heat, but by presaurCy rust as high- 

Sressure air is merely condensed air. To obtain a 
ouble, triple, or greater pressure of steam, we must 
have twice, thrice, or more steam under the same vo- 
lume. 

1843 Is high-pressure steam^ escaping from a boiler heaied to 300^ or 
morey hotter than hw-presswre steam escaping from a boiler ai 212^ f 

No ; for the instant that high-pressure or condensed 
steam escapes into the air, it immediately eicpands and 
becomes low^essure steamy and is greatly cooled down 
by its expansion. 

1343 Does high-pressure steamy acting in a boiler at a high tempera- 
iure, exert a greater mechanical and chemical power than low-pressure 
steam t 

It does; high-pressure steam acting upon bones, 
breaks up and dissolves the whole mass, extracting all 
the glue and fat, when ordinary steam would dissolve 
nothmg. 

In the Western States, where large quantities of lard are manufactured, 
the whole hog is exposed to high-pressure steam, and the carcass reduced 
in a short time to a &t fluid mass. 

1344 Can high-pressure steam be raised to a very elevated degree of 
heatt 

It can / in some of the methods latelv introduced for 
purifying oils, etc., the temperature of the steam, before 
its application, is required to be suffidentty devoted to 
enable it to rn^t lead. 

1345 What is the steam-engine f 

The steam-engine is a mechanical contri/vance by 
which coal, wood, or other fuel is rendered capable of 
execiMng any hind of labor. 
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1346 WJiai svbstaTice famishes the means of caMing the powers of coal 
into activity f 

Water. 

134T How much water wiU tvoo ounces of coal evaporaie f 

About apmt. 

1348 How much steam wHt (hisproducet 

Two hundred and sixteen gallons. 

1349 Bow much mechofMcat force can this steam exert t 

It can raise a weight of thirty-s^ven tons to the 
height of one foot, 

1350 What amount of force can a man exert when applying his 
strength to the lest advantage through the help of machinery t 

It has been found by experiment, that a man work- 
ing on a tread-mill continuously for eight hours, will 
elevate one and a half millions of pounds to the height 
of one foot. 

1861 WiKh how much coal wiU a weU constructed sieamrcngine perform 
the same labor t 

With the expenditure of apo^md amd a half. 

1362 Bow much coal then would he equivalent to the average poujer of 
an able-bodied man during his active life, supposing him to work for twenty 
years at the rate of eight hours per day f 

The consumption of about four tons of coal would 
evolve in a steam-engine fully as much power. 

1368 Thegreatpyramidof Egypt is five hundred feet higJif and weighs 
twelve thousand seven hundred and sixty millions of pounds. Herodotus 
states that in constructi/ng it one hundred thousand men were constantly 
employed for twenty years. With how much coal could all the molerials of 
this pyramid he raised to their present position from the ground t 

With the expenditure of four hundred and eighty 
tons of coal. 
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What la TMitflation t 



WArming md yentOation of bnildiiigs. 



PART VI. 

VENTILATION AND WARMING, COMBUSTION, 
RESPIRATION, AND NUTRITION. 



CHAPTER I. 



WAEMINO AND VENTILATION. 



1854 Whatisventilaiiont 

Ventilation is the act or operation of causing air to 
pass through any place, for the purpose of expelling 
impure air and dissipating noxious vapors. 

135S WhoU is the Iheoretkal perfection of ventUcUion t 

To render it impossible for any portion of air to be 
breathed twice in the same builoing. 

13 5G Upon what principle does the whole process of warming cmd ven- 
tikiiing buildings depend f 

Upon the expansion and contraction of air, or, in 
other words, upon the fact that air which has been 
heated and expanded ascends, and air which has been 
depriv^rl of heat, or has become contracted, descends. 

1367 Is there <m upward current of air aiways 
rising from heated substances t 

There is ; air made lighter by heat 
ascends through colder strata^ as a cork 
(put at the bottom of a basin of water) 
rises to the surface. 

1358 What simple experiment shovja the exist- 
ence of this upward current in an ordinary stove t 

If we attach to the side of a heated 
stovepipe a wire on which a piece of 
paper cut in the form of a spiral may 
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be suepended, as is represented in Fig. 46, the upward 
current of hot air will immediately put the paper in 
motion, and make it revolve rapidly around the wire. 

1359 When a hoy makes a fire-baUoov^ and seta fire io the cotton or 
sponge {which has been stepped in spirits of loine), why is the haUoon infixed t 

Because the air of the balloon is expa/nded by the 
heat of the flame, and fills the balloon to its utmost 
capacity. 

1360 WhydoesthebdUoonriseafterith^uheeninflaledbytheeocpanded 
adrt 

Because the same quantity of air is ea^panded to three 
or four times its original volume ; and made so much 
lighter^ that even when all the paper, wire, and cotton 
are added, it is still lighter than common air. 

1361 In what situation is ventHaiion perfect f 

In the open air, because the breath, as it leaves the 
body, is warmer and lighter than the surrounding fresh 
air, and ascending is immediately replaced by an in- 
gress of fresh air ready to be received by tne next 
respiration. 

1362 Why is it desvraJbU to avoid breathing the same air twice t 
Air which has been once respired, is unwholesome, 

and not suited to supply the wants of the animal system. 

1363 What are the dements of airnospheric air t 

Oxygen and nitrogen mixed together, in the propor- 
tion of seventy-nine parts of nitrogen and twenty-one 
of oxygen. 

136*^ Whatisoxygear 

A gas^ colorless, tasteless, and odorless ; it is heavier 
than atmospheric air, and is a non-conductor of elec- 
tricity. 

1366 Is oxygen a substance existing in great abundance f 

Oxygen is the mA)st abundant of all known substances ; 
it constitutes at least one third of the solid mass of the 
globe, eight-ninths of all water, and nearly one-fourth 
part of the atmosphere ; it also exists in most organic 
substances. 

1366 Is oxygen ever found in a liquid or solid staiet 
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No ; when pure it is (mly known in the gaseous state ; 
all efforts to reduce it to a liquid or solid condition by 
cold or pressure have completely failed. 

13ST O/wJuU use is oxygen in the (xbmosphere f 

It sustains animal life and Sfwpports conAustion. 

1368 Jfan animcU were immersed in oxygen gas^ wotdd ii live longer 
than in an eqwA volium/e ofconjmed airt 

It vxmld; at the same time animal life could not be 
sustained for any great length of time in an atmosphei*e 
of pure oxygen. 

1369 What is meard wlien it is said that oxygen " sustains lifef^ 

It means this : if a person could not inhale oxygen, 
he would die. 

1370 Wliai good does this inspiration of oxygen do t 

1. It gives vitality to the blood ; and 

2. It IS the caitse of animal heat. 

137^ What is niirogent 

An invisible gas existing largely in atmospheric air, 
and in most animal and vegetable substances. 

ISTS W?uit are its principal characteristics t 

1. It is not comlmstible ; 

2. It does not support animal life ; and 

3. It is the principal ingredient in the composition 
of atmo^heric air. 

1373 What proportion of the air we breathe is composed of nitrogen f 

About four 'fifths of the a/ir is nitrogen ; the other 
one-fifth is oxygen. 
13*74: Why is there so much nitrogen in the air f 

The uses of nitrogen are in a great measure unknown. 
•It has been supposed to act as a dilitent to the oasygen^ 
but it most probably serves some useful purpose in the 
economy of animals and vegetables, the exact nature of 
which has not been discovered. 

1375 What would be the effect if the proportion of oxygen in the atmo- 
sphere were increased t 

The infiammability of most substances would be inr 
creasedy fires would bum out very quickly, and the 
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functions of life would be called into such rapid action 
as to soon exhaust the powers of the system. 

1370 Are ihe two gases^ oxygen and nitrogen, existing in the cUmo^ 
sphere, chemically combined, or merely intermingled f 

They are merely mixed^ and not combined with each 
other. 

XQ!T7 Does the atmospTiere always contadn any other ingredients besides 
oxygen and nitrogen t 

There is always in the air, at all places, carbonic acid 
gaSy in variable proportions, and watery vapor, besides 
the odoriferous matter of flowers and other volatile 
substances. 

1378 What is carbonic acid gas f 

A gas formed by the union of carbon and oxygen ; 
it used to be called ^fiosed air. Its chemical com- 
position is one atom of carbon united to two of 
oxygen. 

1370 Is {he air coUecied on (he tops of high mountains, over marshes 
in hospitals, and over deserts, ihe same in character and composition f 

It is not found to varvj but is the same in all regions 
of the earth and at all altitudes. 

1380 Are the component parts of air, oocygen, nitrogen, carbonic add, 
and waiery vapors, of different specific gravities, or do they aU differ in 
weight f 

They are all differ&rd^ carbonic acid gas being the 
heaviest. 

1381 Th&n, ojs we have before staled thai they are merely mixed, and 
not combined, why do they not arrange themsdves in the order of their densi- 
ties, and float one upon the other, as oU and water do when mingled f 

Because of a wonderful principle or law of nature, 
that when two gases of different weights or specific 
gravities are mixed together, they cannot remain sepor 
rate, as fluids of different densities do, but diffuse them- 
selves uniformly mroughout the whole space which 
both occupy. 

13823 Carbonic acid is twenty times heavier than hydrogen gas; if we 
fill the lower part of ataM jar with carbonic acid, and the upper part with 
hydrogen, will the two gases mix t 

After a few hours the two gases will be found equdU/y 
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mingledy as much carbonic acid being at the top of the 
jar as at the bottom. 

1383 Does (his law appear to he opposed to the priTiciples of the law of 
graviiation f 

It appears to be opposed to it / the only exception we 
are acquainted with m the natural worla. 

1384c ffow much carbonic acid is estimated to exist in (he atmosphere t 

About on^pwrt in two thousand^ hy volume. 

1886 Jf this were aU collected in one layer over tJie surface of the earOi^ 
how greed a thickness would this layer or stratum have t 

About thirteen/eet 

138B Can we breathe carbonic acidf 

No; the animal immersed in it dies instcmUy. 

1387 Jf then^ this singular law of (he diffusion of gases did not prevail^ 
wotdd the surface of the earth be haMtablef 

It would not; carbonic gas would fiU up all the 
valleys and lower levels, separating every hiU and ele- 
vation by an invisible ocean of poisonous gas, as im- 
Eassable as the barrier between the dead and the 
ving. 

1388 Is it owing to (his law that we are enabled to enjoy and perceive 
at a distance the odor of a flower-garden^ or the perfume which has been 
opened in an apartment f 

It is by this law that a vapor, arising by its own 
elasticity from a volatile substaiice, is caused to extend 
its influence and mingle with the surrounding atmo- 
sphere, until its effects become so enfeebled by dilution 
as to be imperceptible to the senses. 

1389 Jf the oxygen and nitrogen of which our aimosphere is composed 
were combined together^ instead of being merely mingled^ what would the 
compound be t 

A most deadly poison. 

1390 Whai gas is generated by a lighted candle or lamp f 
Carbonic acid gas — ^formed by the union of the carbon 

of the oil or tallow with the oxygen of the air. 

1301 Under whai circumstances does carbon most readily unite with 

oxygen f 

1. When its temperature is raised: thus, if carbon 
be red hot^ oxygen will most readily unite with it ; 
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2. Carbon in the Mood unites readily with oxygen 
during respiration ; and 

3. Carbonic acid is formed in large quantities during 
the chemical changes which we caS fermentation, 

1393 Js carbonic acid in any degree wholesome f 

No ; it is fatal to animal life, and (whenever it is 
inhaled) acts like a narcotic* poison, producing di'owsi- 
ness, which sometimes ends in death. 

• 1303 When persons commit suicide by building a charcoal fire in a 
dosed room, what occasions (heir death f 

The inhalation of carbordc acid^ which is generated 
by the combustion of the charcoaL 

1394: How can any one know if a place be infested with carbonic add 
gast 

If a pit or vrell contain carbonic acid, a lighted candle 
(let down into it) will be instantly extiuOTished. The 
rule, therefore, is this : where a candle wul hicm^ a tnan 
cam, live ; but what will extinguish a candU^ will also 
destroy life. 

139S Why does a crowded room produce Tieadachet 

Because we breathe air vitiated by the crowd. 

139S Why is the air of a room viiicUed by a croivd f 

Because it is deprived of its due proportion of oxy- 
gen, and loaded with carbonic acid. 

139T Eow is the air of a room affected thus by a crowd f 

The elements of the air inhaled are separated in the 
lungs : the oxygen is converted in the blood into car- 
bonic acid ; ana the carbonic acid (together with the 
nitrogen) is tlirown back again by the breath into the 
room. 

1398 Is aUihe nitrogen rejected by Hie lungs t 

Yes; all the niti'ogen of the air is always easpired. 

1399 ITow much oxygen does a full-grown person consume per hour t 

It is calculated that an adult of average size absorbs 

* A narcotic is a substance which, when used as a medicine, relieves 
pain and produces sleep, but in poisonous doses produbes death. Opium, 
laudanum, tobacco, etc., are narcotics. 
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about a cubic foot of oxygen per Jvowr by respiration, 
aiid consequently renders five cubic feet of air unfit for 
breathing, since every five cubic feet of air contain one 
cubic foot of oxygen. It is also calculated that two 
wax or sperm candles absorb as much oxygen as an 
adult 

1<400 To keep the air of a room pwe^ how much fresh air should he 
allowed to pass in per hour f 

Five cubic feet for each versouj and two and a half 
cubic feet for each candle^ snould be allowed to pass in, 
and an equal quantity to pass out 

1401 Why do persons in a crowded church feel drowsy f 

1. Because the crowded congregation inhale a large 
portion of the oxygen of the air, which alone can sus- 
tain vitality and nealthy action ; and 

2. The air of the church is impregnated with ca/rhonic 
acid gas^ which (being a strong narcotic) prodtlces 
drowsiness in those who inhale it. 

1403 Why do persons who are much 'in the open air enjoy the best 
health f 

Because the air they inhale is much more pure than 
the air of close and confined rooms. 

1403 How does vegetation {trees and flowers) serve to purify the air f 

1. Because trees and flowers absorb the carbonic 
acid generated by the lungs of animals, putrid sub- 
stances, and other obnoxious exhalations ; and 

2. Trees and flowers restore to the air the oxygen 
which man and other animals inhale. 

1404 Why is the air of cities generally kss pwre than the air of the 
open country f 

1. Because there are more inhahitants to vitiate the 
air; 

2. The sewerSy drains^ hins^ and JUth of a city very 
greatly vitiate the air ; 

3. The streets and alleys prevent a free circulation ; 
and 

4. Tliere are fewer trees to absorb the excess of car- 
bonic acid gas, and restore the equilihrium. 
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1405 Why are persons who live in close rooms and crowded cities 
generally sickly f 

Because the air they breathe is not pure, but is (in 
the firet place) defective in oxygen, and (in the second) 
is impregnated with carbonic acid gas. 

1406 Where does the carbonic add of close rooms and cities come 
from f 

From the lungs of the inhabitants, the sewers, drains, 
and other like places, in which organic substances are 
undergoing decoTrvposition. 

1407 What becomes of ihe co/rbonic add generated in crowded cities f 

It is ^aduallv diffused through the air, absorbed by 
vegetation and by water, and wafted by the winds to 
different localities. 

1408 Does not this constant diffusion of carbonic acid a feci {he purity 
of the wliole air 7 

No ; because it is wafted by the wind from place to 
place, and absorbed in its passage by the vegetable world, 

14O0 What is choke damp f 

Carbonic acid gas accumulated at the bottom of wells 
and pits, which renders them noxious, and often fatal to 
life. It is called choice damp, because it choices (or suf- 
focates) every anvmal that attempts to inhale it, 

, It suflfocates without getting into the lungs^ by closing the glottis spas- 
TnodicaJkf. 

1410 Why is not this carbonic add taken up by ihe air and diffused, as 
it is in dties f 

Because (being heavier than common air) it cannot 
readily rise from the well or pit ; and no wind can get 
to it to blow it away. 

By tbe chemical law of diffusion, a portion of tbe carbonic acid which 
accumulates at the bottom of wells and pits, is removed ; but in many 
cases this abstraction is more than counterbalanced by an increased 
supply. ^ 

1411 Sow much ca/rbon in (he form of carbonic acid passes through the 
lungs of a healthy person every twerdy-four hours f 

The quantity would be very accurately represented 
by a 7nass of charcoal of tlie weight of three pounds. 

The volume of carbon in the atmosphere, although it forms but one per 
cent of the carbonic acid existing in it, exceeds in amount all the carbon 
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that is stored in the earth in the fonn of ooal, or spread over its surface in 
the form of animals or yegetable& 

3L41S Wfiai care the chief sources of carbonic CLdd f 

Combustion^ respircUion of men and animals, the 
decompodticn of organic svhstances^ and the exhalations 
ofvotmnoes. Carbonic acid also exists in large quan- 
tities in the atmosphere, in most waters, and combined 
with minerals in a solid state, as in marble, which con- 
sists of lime united to carbonic acid. 

1413 From which of these sources is carbonic acid most WceHy to acat- 
mukUeio a noxious extent f 

From HiQ fermentation ajidjptitref action of decaying 
vegetable and animal matters. 

1414 Bow can (his aecumulaiion of carbonic add bepreventedf 

By throwing quicklime into places where such fer- 
mentation and putrefaction are going on. 

1415 Ebw toiU quickUme prevent the accumulation of carbonic add f 

Quicklime will absorb the carbonic acid^ and produce 
a combination called " carbonate of lime." 

141B Does not heavy ratn, as well as qwckUme^ prevent the accumubr 
lion of carbonic add f 

Yes ; an abundant supply of water will prevent the 
accumulation of carbonic acid, by dissolving it 

1417 Is the external cdr ahtxays in motion f 

Some portion of the atmosphere is always in motion. 
Currents of warm air ascending, and currents of cold 
air descending. 

1418 Is the air of our rooms always in motion f 

Yes ; there are always two currents of air in the 
room we occupy; one of hot air flowing out of the 
room, and anotner of cold air flowing into the room. 

1410 How do you know (hat there are these iioo currents of air in 
every occupied room t 

If I hold a lighted candle near the crevice at the tcfp 
of the door^ the flame will be blown outwards (towards 
the A(dl) ; but if I hold the candle at the hottorn of 
the dooTy the flame will be blown inwards (into the 
room). 
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This is not the caae if a fire be in the room. When a fire is lighted, 
an inward current is drawn through aU the crevices. 

l^SO Why wovM the fimm be bhton outwards {toioards (he haU) if a 
candle be held at the top of the door f 

Because the air of the r(X)m being heated, and con- 
sequently rarified, dsoends^ and (floating about the 
upper part of the room) some of it escapes ihrougli the 
crevice at the top of the door^ producing a current of 
air out/voa/rds (into the halV). 

lA^I, Why would the flmne be blown inwards {into the room) if the 
candle be held at the bottom of (he door t 

Because a partial vacuum is made at the bottom of 
the Toom^ as soon as the warm air of the room ha6 
ascended to the ceiling or made its escape from the 
room ; and the cold air from the hall rushes under the 
door to supply the void. 

1433 Whai is meant by a partial vacuum being made at (he bottom 
of (he room f 

A vacuum means a 'place from which the air has been 
taken ; and a "partial vacuum" means a place from 
which a part of the air has been taken away. Thus, 
when the air near the floor ascends to the ceiling, a 
partial vacuum is made near like floor. 

1433 And how is (he vacuum fiUed up again t 

It is filled up by colder air, which rushes (under the 
door^ and through the window crevices) into the room. 

1434 Give me an Hkisiraiion. 

If I dip a pan into a pond and fiU it with water, a 
hole (or vacuum) is made in the pond as hig as the 
jf>ail: but the moment I draw the paJH out, the hole is 
j^Uea up by the water around. 

1436 SJiow hovj (his Hkistration applies. 

The heated air which ascends jfrom the bottom of a 
room is as much taken away as the water in the pail, 
and (as the void was instantly supplied by other water 
in tnepond) so the void of air is supplied by the air 
aroundT 

1436 Why is a room {even wi(hout a fire) generally warmer than ih§ 
open airf 

10 
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Because the air in a room is not svbject to much 
change^ and soon partakes of the same temperature as 
our bodies, when it no longer feels cold. 

14J3T Why do we generally fed colder oid-of-doors (han in-doors f 

Because the air (which surrounds us) is always 
changing ; and as fast as one portion of air has become 
warmer by contact with our body, another colder par- 
tion surrounds us, to absorb more heat. 

1<4S8 Why is (here always a draught through the window crevices f 

Because the external air (being colder than the air 
of the room we occupy) rushes through the window 
crevices, to supply the deficiency caused by the escape 
of warm air up the chimney, etc. 

1<429 Why^ when we kindle a fire in a siove or graie, does (he smoke 
ascend the chimney f 

When a fire is lighted to warm a room, the smoke 
and other gaseous products of combustion, beinff lighter 
tJian the air of the room, ascend, and soon fill the cliim- 
ney with a column of air lighter, bulk for bulk, than 
a column of atmospheric air. 

14:30 Is the column ofUgU air in (he chimney pressed up by a column 
of equal size on the exterior of the chimney? 

It is. 

14:31 What, then, is ih» draught of 
a chimney f 

It is the rate or speed with 
which the column of cold air 
outside the chimney pushes 
up the column of warm air 
inside the chimney, and this 
draught will be strong and 
effective just in the same 
proportion as the column of 
air in the chimney is kept 
warm. 

Mg. 47 represents a section of a 
grate and chimney. C D represents 
* the light and warm column of air with- 
in the chimney, and A B the cold and 
tiff. 47- beav^ column of air outside the cbim- 
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nej. The column A B being cold and heavy presses down, the column C 
t) being light and warm rushes up, and the greater tlie difference between 
the weight of these two columns, the greater will be the draught 

1435 How do chimneys quicken Ike ascent of hot air f 

By keeping a long column of it together. A column 
of two feet nigh rises, or is pressed up, with twice as 
much force as a column of one foot, and so in propor- 
tion for all other lengths — just as two or more corks, 
strung together and immersed in water, tend upwards 
with proportionably more force than a single cork. 

In a chimney where (me foot in height of the column of hot air is one 
ounce lighter uian the same bulk of external cold ^ir, if the chimney be 
one ^mndred feet high, the air or smoke in it is propelled upwards with 
a force of one hundred ounces. 

X4:3<. 7b whai is the draugM of a chimney in oM cases proportioned to f 

It is always proportioned to its length. 

1434 Why are the Mnmeys of large manufactories gmeraUy very 
highf 

A long chimney causes a current 
of air to pass ttoough a fire very 
rapidly, and at the same time very 
uniformly. On these accounts, for the 
fires of steam-enffines, etc., long <5himr 
neys are preferreo. 

14:33 Wkenthetemperatnireoftheadrinaroom 
and oftheair otUside are the same, vrSl there he any 
draught np the chimney f 

There will be no draught. 

1436 When there is no fire in stove or grate, and 
the air of a room is warmer than the air outside, wtH 
there 5e a cirGukntUm up amd down the chimney f 

In such cases there will generallv be 
two currents, up and down the chim- 
ney, especially if the doors and win- 
dows of the room be tight. The warm 
air of the room will ascend through the 
chimneiy, and the cold air descend by 
the side of it, two currents readily cir- 
culating through one tube. The airec- 
tion of the arrows, in Fig. 48, will show 




Fig. 48. 
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the lines of the current, descending the chimney and 
circulating round the apartment. 

1437 Why does an apartmeni often smeU disagreeably of soot in sum- 
mer-tim/e t 

Because the air in the chirrmey (being colder than 
the air in the a^partmenJt) descends into the room, and 
leaves a disagreeable smell of soot behind. 

1438 JBbw ought chimneys to be cofisiniciedf 

A chimney should be constructed in such a way 
that the flue or passa^ will gradually contract fiom the 
bottom to the top, bemg widest at tne bottom and the 
smallest at the top. 

14k30 Why is U ex^pedieni to construct a chimney in this manner t 

At the base of the chimney, the hot column of air fills 
the entire passage; but as the hot air ascends it 
gradually cools and contracts, occupying less space. If, 
merefore, the chimney were of the same size all the 
way up, the tendency would be, that the cold external 
air would rush down to fill up the space left by the con- 
traction of the hot column of air. This action would 
still further cool the hot air of the chimney and 
diminish the draught. 

14:40 Why win a long chimney smoke^ unless ihefire he pretty fierce? 

Because tlie heat of the fire will not be sufficient to 
rarefy aU the air in the chimney. 

1441 Why wHl the chimney smoke, unless the fire be fierce enough to 
heat aU the air in the chimney-flue t 

Because the cold air (condensed in the upper part of 
the flue) vnU sink from its own weight ; and sweep 
the asceii/''nor smoke hack into the room. 

1448 W?iaZ ts ^12 use of a cowl upon a chimney-pot t 

It acts as a screen^ to prevent the wind from blowing 

into the chimney. 

1443 WTiat harm would the wind do if it were to blow into a cAtm- 
neyf 

1. It would prevent the smoke from getting out; 
and 

2. The cold air (introduced into the chimney by the 
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Use of a blower npon a grate. Hottest and coolest portions of a room. 

wind) would fall down the Jhie^ and drive the smoke 
with it into toe room. 
1444: Why do some chimneys smoke f 

Because fresh air is not admitted into a room as fast 
as it is consumed iy theji^e ; in consequence of wnich 
a current of air rushes down the chimney to supply the 
deficiency^ driving the smoke along with it. 

1446 Why do UowerSy when placed hefore a grcUej tend to kindle (he 
firef 

A blower is a sheet of iron that stops up the space 
above the grate bars, and prevents any air from enter- 
ing the chinmey except that which passes through the 
fuel and produces combustion. This soon causes the 
column of air in the chimney to become heated, and a 
draught of considerable force is speedily produced 
through the fire. The increase of draught increases the 
intensity of the fire. 

144S Which is ihe hottest ^ri of a room f 

The upper part, near the ceiling. The warm air 
being the lightest seeks the highest position. 

1447 Which is the coolest part of a room t 

The lowest part, near the floor. Cold air being dense 
and heavy see\s the lowest position. 

1448 By which vneans is a room tetter ventitated^ by opening the upper 
or the lower sash t 

A room is better ventilated b^ opening the upper 
sash ; because the hot vitiated air (which always as- 
cends towards the ceiling) can escape more easily. 

lAA^ WhaJt temperature is most proper for keeping an apartment in 
a hfioUhy and pleasant condition during the cold season f 

From 65° to W F., with a free ventilation. 

1460 Bow are houses and other huHdings hecUed with hot air t 

The fire is kindled in a furnace which is erected in 
the cellar. This fire heats the air in contact with it in 
the ai/r-cha/mher^ as it is called, and as heated air 
always ascends^ it is forced up into the different apart- 
ments of the building. 
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WhatliBmolMr Open flraplaoes ill adapted for heating roomA. 

14k61 Which woM prow the wwrmesl upon a hed — a Uarnkd^ or on 
oOed sUkj or India-rubber cUr-iight covering t 

The air-tight covering. 

14CSS Why do we not use oHed silk or IndicHrfMer bed coverings in 
ihevnniert 

Because they preeent veTUHation^ and, by shutting 
in the insensible perspiration, soon produce dampness. 

1463 WhoA is srwket - 

Small particles of carbon separated by combustion 
from the fuel, but not consumed. 

14k64 Is (here a circtdcUion of (he air through Ihe bed coverings at 
nightt 

Yes ; from every part of the bed-clothes immediately 
over the person there is a constant oidward oozing of 
warm air, and an oozing inwards of cold air in lower 
situations around. 

1466 In what two ways is heat communicated to c^partmenis by fires 
ke^tinthemf 

By radiation and immediate contact. 

The first portion passes throagh the air in diverging lines with ereai 
velocity. The second penetrates slowly through the substance ci the 
densest bodies. To enjoy the fbll effect of radiated heat, we must be in 
the presence or sight of the radiating object To receive conducted heat, 
we must be in contact, either directly or through some intervening me- 
dium, with the body tiiat imparts it 

1466 Does a person who sits by afire in the open air receive any heai 
by condudiont 

Very little; for the air which surrounds the fire 
having nothiog to confine it, ascends hy its diminished 
specif gravity as fast as it is warmed, and its place is 
mimediately supplied by strata of cold air from beneath. 

1467 WiU a person sitting beside a fire in the open air be eaposed, 
upon the side of his body removedfrom the fire, to additional cold f 

He will^ because cold currents ntsh in from every 
side towards the fire. 

1468 Why are open fireplaces iU adcq>ted for the economicai heating 
of apartments t 

In an open fireplace the air fiows from the room to 
the fire, becomes heated, and passes off directly into 
the chimney, without having an opportunity of parting 
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AdTantages of stoyes over fireplaces. Disadrantages of stoves. 

with its heat for any useful purpose. In addition to 
this, a quantity of the air of the room, which has been 
warmed by radiation, is uselessly carried away by the 
draught. 

1469 What are the aobantagea of a stove over <m openjireplace t 

1. Being detached from the walls of the room, the 
greater part of the heat produced by combustion is 
saved. The radiated heat being thrown into the walls 
of the stove, they become hot, and in turn radiate heat 
on aU sides to tne room. The conducted heat is also 
received by successive portions of the air of the room, 
which pass in contact with the stove ; 

2. The air beinff made to pass throtigh the fud^ a 
small supply is sufficient to keep up the combustion, so 
that little need be taken out of the room ; and 

3. The smoke, in passing off by a pipe, parts with 
the greoAer part of its heat before it leaves the room. 

l-^GO What are the cUsadvarUages cf stoves t 
Houses containing them are generally ill ventilated. 
The air coming in contact with the hot metal surfaces 
is rendered impure, which impurity is increased by the 
burning of the dust and other substances which settle 
upon tne stove. The air is, in most cases, kept so dry 
as to render it oppressive. 

14:01 Upon what principle are the common hot-air Jwmaces for toarm- 
mg houses construdedf 

A stovej having large radiating surfaces^ is inclosed 
in a chamber (generally of masonry). This chamber 
is generally buifi with double walls, that it may be a 
better non-conductor of heat. A ewrrent of air from 
without is brought by a pipe or box, and delivered v/n- 
der the stave. A part of this air is admitted to supply 
the combustion ; the rest passes upwards in the cavity 
between the hot stove and the walls of the brick cham- 
ber, and, after becoming thoroughly heated, is con- 
ducted through passages in which ite lightness causes 
it to ascend, and be delivered in any apartment of the 
house. 
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146S In the construction and arrangement of a furnace for warming^ 
what (wo points are of special importance, so far as regards the economy of 
fudf 

1. The perfect oomhistion of the fuel ; and 

2. The best possible transmission of all the heat 
formed, into the air that is to pass into the rooms of 
the house. 

1463 JBino ia (he first of these rtqwsiies dbkxinedt 

By having a good d/rcmgkt and a fire-box which is 
hroad and shotliowy so that the coal shall form a thin 
stratum ; by which arrangement the carbonic acid gas 
will be freely formed, and pass off without a previous 
production of carbonic oxide. 

14S4: How is the second of these reqmsites attainedt 

Bv providing a great qita/nMtyofsurface in the form 
of pipes, drums, or cylinders, through which the smoke 
ana hot gases must pass on their way to the chimney, 
and to wnich their heat will be imparted, to be in turn 
delivered to the cold and pure air of the rooms of the 
house. 



CHAPTER II, 



COMBUSTION. 



1465 What is combustion t 

Every species of combustion with which we are 
familiarly acquainted is the rapid chemical itnion of the 
oxyaen of the air with a combustible body, attended 
witn the evolution of Ught and heat. 

1466 How may combusUon, as we ordinarily seeit^be regarded f 

It may be regarded as simply a process of oxidation. 
1467* WJuU do we mean by the term oxidation t 
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Matter not destroyed by combnstion. Heat, how origkiated by combustion. 

The combination of some substance with oxygen, — 
or the act of combining with oxygen. 

l-^68 Js (here not always an increase in weight during (he combustion 
of inflammable m^UeriaiSj rcUfier than a loss f 

The products of combustion always exceed the weight 
of the ori^nal substance burned, by an amount equal 
to the weight of the oxygen gas absorbed during the 
combustion. 

1469 WTiat becomes of ihe oxidized products of combustion t 

They for the most part combine with oxygen to fonn 
gase8 and vapors. We apply to these products the 
general term emoJce. 

lATO What is an essential requisite to every process of combustion f 

That there should be a free mpply of air^ and tliat 
the products of combustion, or me smoTce^ should be 
cond/uctedoff. 

lATI. Why J when we hum a candle or a piece of wood in ihe air, does 
there always seem to be a loss ofm^ttter t 

Because the results of combustion in these casQs are 
either gases or ^mporSy the existence of which, not being 
apparent to common observation, requires to be made 
faiown by experiment. 

Until nearly the dose of the last century it was generally believed and 
taught, that when a body was bumed, something went out of it, — that it 
lost weight. Lavoisier, a celebrated French chemist, overthrew this doc- 
trine by burning a substance in connexion with an arrangement whereby 
all the results or products of the combustion were saved. These on 
being weighed showed a gain rather than a loss, the amount being equal 
to the quantity of oxygen which had been absorbed from the air duilDg 
the process of combustion, by the burning substance itsel£ 

1473 Ebw is heat evolved by combustion f 

By chemical action. As latent heat is liberated, 
when water is poured upon lime, by chemical action, 
so latent heat is liberated in combustion by chemical 
action also. 

1473 What chemical action takes place in combustion f 

The elements of the fuel combine with the oxygen of 
the air. 

1474 What is the temperature required to induce the combinaMon of 
oxygen with any substance caUedt 

10* 
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•The bamlng point— rust— flame— 4re. 

The huming point. 

1476. Is this point different for d^erent atibstcmces f 

It 18 : thus phosphorus will combine slowly at 7Y** F., 
bnt does not enter into rapid combustion until the tem- 
perature is raised to 104® F. Charcoal bums slowly 
Delow a red heat 

X4k76 la (he quamtHy of Tieat given outj when a body combines slowly 
with oxygen^ Ihe same as when it combines rapidly wUh it, the rdative 
quantities of the combining bodies remaining the same in both cases t 

The total quantity of heat given out is the same, 
whether the combustion takes place dc/wly or quickly : 
but in the case of slow combustion, the neat is much 
less intense, and often becomes insensible, because 
during the long time occupied in combination the 
greater part is carried away by conduction. 

1477 Is Ihe quantity of Ught given out Ihe same, whether the combus- 
tion be rapid or slow f 

No : the quantity of light given out during the com- 
bination of oxygen with a given quantity of a com- 
bustible body varies gredUy^ according to the rapidity 
of the combustion. 

1478 Whaiisrustf 

The oxidation of iron in moist air. 

1470 When iron rusts in the air is heat given outt 

Certainly ; but the process of rusting takes place so 
slowly that the amount of heat given out at any one 
time is imperceptible to our senses. 

1480 Whatisflamef 

Bniming gas or vapor. 

1481 What is first 

Seat and Ugkt produced by tiie combustion of in- 
flammable substances. 

1488 What does ihe brightness or iUuminating power of flame depend 

pnt 

It depends on the degree of heai in part, but mainly 
Dn the presence or absence of solid particles in the 
flame, wnicli may act as radiating points. 

1483 Are there solid particles in every illuminating flame t 
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When will a lamp emoke f Benefit of glass chimney on lamp. 

There a/re / and if we present a cold surface to the 
flame, they become deposited on it in the foraa of aooL 

X484: Wke/n, we say a larnp smokes, what do we mean f 

That the solid jxirts of the flame are passing off in an 
unconsumed state. 

l-^8& When- the fame hums properh/^ why does (he smoke ce&se to he 
emitted t — 

Because the solid particles of carbon constituting the 
smoke are burned ujp^ or are completely united with 
oxygen, forming an mvisible gas — carbonic acid. 

X4k83 From what source is (he carbon, constituting (he illuminating par-- 
tides in (he one case and the soot in the other, derived f 

It was originally a part of the Imming or comhcstible 
body. 

1487 When wiU a flame smdket 

When the supply of oxygen received from the air is 
insufficient to consume all the carbon which the heat 
separates from the combustible body in the form of 
soot. 

1488 Whai henefit arises from swrounding aflame wiXh a glass cylin- 
der or chimney open aX (he bottom and top t 

When a flame burns without a chimney, the hot air 
radiates in aU directions ; but when it is surrounded 
by a chimney, the hot air is confined within tlie walls 
of the cylinder : consequently, the hot air will issue 
rapidly from the top of the chimney, and cold air will 
enter equally fast at the bottom to replace it. In this 
way a constant current of fresh air is kept up through 
the centre of the flame, causing a more perfect com- 
bustion, and a brighter and sfjronger flame. 

1489 Why in solar and astral lamps do we use a hoUow or circular 
wick? 

In order that a current of air may rush up through the 
interior surface of the flame as well as along the exterior. 

14eO Whatisjmll 

Any substance which serves as aliment or food for 

*e. In ordinary language we mean by fuel the pecu- 

iar substance of plants, or the products resulting from 
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What ia Itiel— oarbon — charcoal— eoot f 

their decomposition, designated under the various names 
of wood, peat, and coaL 

14:01 What are Ihe constituents ofwoodt 

Carbouy hydrogen^ and oxygen^ combined together, 
m^e up the chief part of its bulk ; all wood also con- 
tains water. 

140S Wliaiis hydrogen? 

It is an inf/rnirndhlegas^ one of the elements of which 
water is composed. Tne gas used in our streets is in 
great part hydrogen. Hydrogen, when pure, has neither 
taste nor odor. 

1403 Whai, are (he pecuUar characteristics of hydrogen gas f 

1. It is the lightest of all known substances ; 

2. It will bum immediately on being ignited ; and 

3. A lighted candle (immersed in this gas) will be 
instantly extinguished. 

1404 Whaiiscarhonf 

A 8oUd elementary Bvbstance^ generally of a dark or 
black color, weU known under me forms of charcoal^ 
lam^hlach^ coke^ etc. 

14:05 Whaiis charcoalf 

Wood which has been exposed to heaii until it has 
been deprived of all its gases and volatile parts. 

14S6 Can aU animal and vegetable svbstancesj by partial hwmingj he 
converted into coalt 

They ccm. 

1407 In the charring of animal and vegetable substances^ do we gene- 
rate charcoal, or did it exist there before? 

The carbon or coal existed there previcnisly^ though 
in chemical combination with other bodies, which are 
principally driven off by heat, as is apparent from the 
tact that a charred body weighs much less than the 
original substance; animal and vegetable substances 
consist, therefore, in part of coal. 

14:S8 What is soot f 

Coal in a state of minute division, which is deposited 
from the flame of bituminous or pit-coal, wood, oil, * 
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resin, etc., when, during the combustion of these sub- 
stances, there is an insumcient supply of air. 

14:33 How is charcoal prepared f 

By charrmg wood in mounds or pits, covered with 
turf or soil in such a way as to exclude in a great degree 
the admission of air, and thus prevent complete com- 
bustion. 

ISOO What is mineral or hard coal f 

Coal is the product of a vast accumulation of vege- 
table matter, deposited during a remote geological 
period in beds or layers in the earth, and which, by the 
action of pressure, heat, and other causes, has become 
consolidated and hardened into its present form. 

1601 ffow does ihe coal occur in the earth f 

In strata or layers, varying from a few inches to 
severa} feet in thickness, inclosed between other strata 
of limestone, clay, or iron ore. 

ISOS In what manner is U supposed thai this great accumtdation of 
vegetable material took place t 

The vegetable matter of which coal is composed is 
supposed, by some, to have grown in immense swamps 
or Tna/rshes. By others, the vegetable matter is sup- 
posed to have been swept down oy rivers^ and deposited 
at their mouths or estuaries in immense beds. 

1603 Are such accumuUdions of vegetable matter, Hirough the agency 
qf rivers, going onaithe present day f 

At the present time the JSed Hiver of Texas is abso- 
lutely choked v{p with a raft composed of trunks of 
trees and other vegetable matter^ many miles in extent, 
and of unknown tmckness. Other rivers of the South- 
western United States bring down vegetable materials 
annually, sufficient for the production of vast beds of 
coal. 

XS04: Bxm do we hnmo thai coal is all vegetable matter f 

Because in every coal mine we find the leaves, 
tni/nksj and fruits of trees in immense numbers, many 
of them in a most perfect state of preservation ; so 
much so, that flie botany of the coal period can bo 
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studied with nearly as ^eat ease and facility as the 
botany of any given section of the present surface of 
the earth. 

160S Whai occasions the difference hetween bituminous and anihracOe 
coait 

Bituminous coal contains a large amount of bitumen 
and other pitchy volatile substances which readily 
ignite and bum with smoke and flame. In anthracite 
coal these substances have been driven out ; it is there- 
fore a purer variety of carbon, and bums without smoke 
or flame. 

160S Are the deposiii of coal of very great extent f 

They are ; mineral coal exists ia aUthe great dim- 
sions qf the earth. The largest deposits of coal, how- 
ever, occur, in the United States, in Pennsylvania and 
tfie Valley of the Mississippi. 

1C07 Why wiU not stones do for fud as weU as coalf 

Because they contain no hydrogen, and UtUe or no 
carbon. 

1608 Of what are oU^ taUoto^ and wax composed? 

Principally of carbon and hydrogen gas. The solid 
part is carbon, the volatile part is hydrogen gas. 

X&OQ At whai period of the year does wood contain (he greatest amount 
of water t 

In the spring and summer j when the sap flows freely 
and the influence of vegetation is the greatest. 
1510 Why is wood generaUy cut in the winter season f 

Because at that season there is but litUe sap in the 
tissues, and the wood is drier than at any other period. 

Idl Why is it difficult to inflame cocU or hard wood with the biaze of 
amaichf 

Coal and ha/rd wood on account of their density are 
good conductors, and carry off the heat of the kindling 
substance, so as to extinguish it, before they themselves 
become raised to the temperature necessary for their 
combustion. 

X61Q Why is it easy to ignite ligMfuetwUh a smaM Uaze t 

Light fuel being a slow conductor of heat kindles 



Digitized 



by Google 



SCIENCE OF COMMON THINGS* 227 

Amount of water in green and dr7 wood. Weight of wood. 

easily^ and, from the admixture of atmospheric air in its 
pores and crevices, bums out rapidly, producing a com- 
paratively temporary, though often strong heat. 
1513 In recently cut wood^ what proportion of Us weigJU is water t 

From onerfifth to one-half. 

1014 After wood 7ms been dried in the air for ten or twelve months^ 
howmuchwater does it usually contain? 

From twenty to tw&tdy-jime per cent. 

101s Why do we cad svme woods hard^ and others soft t 
This distinction is groimded upon the facility with 
which they are worked^ and upon their power of pro- 
dudng heat. Hard woods, as the oak, beech, walnut, 
ehn, and alder, contain in the same bulk more solid 
fibre, and their vessels are narrower and more closely 
packed than those of the softer kinds, such as pine, 
larch, chestnut, etc. 

ICIQ Eov) many pounds avoirdupois are there in a cord of dry, hard 
woodt 

^ From forty four hundred pounds in a cord of dry 
hickory, to twervty-dx hundred in a cord of dry, soft 
maple. 

ISI7 What is the most valuable wood for faelf 

The varieties of hickory ; after that, in order, the 
odk^ the apple-tree^ the white-ash^ the dog-wood^ and the 
leech. 

1618 What woods give out the least heat in bumingt 

The whitepincy whiteMrch^ 2,vApopla/r. 

1510 Why is it unprqfttalle to hum green wood or wet coal f 

It is a weU-known law of heat that the evaporoMon 
qfliquidsy or their conversion into steam, consumes or 
renders latent a creat amount of caloric. "When green 
wood or wet cod are added to the fire, they abstract 
from it by degrees a sufficient amount of heat to con- 
vert their own sap or moisture into steam before they 
are capable of bemg burnt. As long as any consider- 
able part of this fluid remains unevaporated, the com- 
bustion goes on slowly, the fire is dull, and the heat 
feeble. 
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Unprofitable to bora green wood. Chemical changes produced by combustion. 

1520 la there any truth in the remark often made " (hat it is economy 
to bum green wood because it is more durable^ and iher^ore in the end mare 
cheap r V 

No ; it is true that the consumption of green wood 
is le^ rapid than dry, but to produce a given amount 
of heat, a far greater amount of fuel must be con- 
sumed. 

ICSX In ordinary fuel^ what three elemenis enter into the process of 
combustion t 

Hydroffen gaSy carbon^ and oxygen gas; the two 
former in the fuel, and the latter principally in the air 
which surrounds tibe fuel. 

162S What chemical changes in air and fud are produced by com- 
btistionf 

1. Some of the oxygen of the air, combining with the 
hydrogen of the fuel, forms vapor of water : and 

2. Some of the oxygen of the air, combining with the 
carbon of the yW, forms carbonic acid gas. 

XS83 Why is there more smoke when fresh fuel is added than when the 
fwd isredJiott 

Because more carbon and volatile matters are sepa- 
rated from the fuel than can be reduced hy comhustion; 
and the sui-plus flies off in smoke. 

J.624 Why is there so littte smoke with a red-hot fvref 

Because the en(m*e surface of the coals is in a state of 
combustion ; and, as very little of the escaping carbon 
remains unconsumed, there is but little smoke. 

1625 When a coal fire is lightedy why are paper and wood laid ai the 
bottom^ against the grate t 

That the flame may ascend through the fuel to heat 
it. K the fire were kindled from the topj the flame 
would not come in contact with the fuel placed below. 

1526 Why do we cover up afire with ashes or cinders to preserve it t 

The covering of ashes or cinders protects the fire 
from the action of the air, and when fuel is deprived of 
air it ceases to bum. 

1537 Why does afire burn so fiercely in windy weather f 
Because the air is rapidly changed, and affords 
plentiful nourishment to the fire. 
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Why water extiDgoiflhes a fire. Cause of the heat of a dunghill. 

X528 Why does a pair of heUows aid in kindling afire t 

Because it df'ives the air more rapidly to theji/re^ and 
tlie plentiful supply of oxygen soon makes the fire bum 
intensely. 

ISSd Why does waier extinguish afirel 

1. Because the water forms a coating over the fuel, 
which keeps it from the air ; and 

2. The conversion of water into steam draws off the 
heat of the burning fuel. 

1530 Why does a blast of air from a pair of beSows often extinguish a 
red-hot coal of anthracite f 

Because the cold air absorbs the heat of the coal so 
quickly that it extinguishes it. 

1531 Why can you not ligM a candle or lamp with a match so long aa 
the sulphur on the end of it is burning t 

The chemical reason for this well known fact is, that 
the suVphuroua acid^ formed by combustion of sulphur 
in the air, surrounds the wicJe^ and abstracts the oxygen 
from the air, by passing to a higher state of oxidation ; 
and this heavy vapor hangs about the wick and excludes 
the air. 
1533 Cannot wood he made to blaze without actual contact with fire f 
Yes ; if a piece of wood be held near the fire for a 
little time, it wiU blaze, even though it does not toiooh 
theji/re. 

1533 Why wiU wood blazej even if it does not touch (he fire t 
Because the heat of the fire drives out the inflamr 

mahle gas of the wood, which gas is ignited by contact 
with the red-hot coals. 

1534 What causes (he heat of fvret 

The ca/rhon of fuel (when heated) combines with the 
oxygen of the air^ and produces carhordo add gas. 
Again, the hydrogen of the fuel combining with other 
portions of oxygen, condenses into water ; by which 
chemical actions heat is evol/oed. 

1535 Whe/ncA does ihe heat of a dunghill arise f 

As the stranv^ etc., of the dunghiU decays, it under- 
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goes fermentation, which produces carbonic acid gas / 
and heat is evolved througn a species of combustion. 

103S On what does (he intensity of fire depend t 

The intensity of fire is always in proportion to the 
quantity of oxygen with which it is supplied. 
1037 Why does stirring a duUfire serve to quicken it t 

Because it breaks up the compacted cinders and 
coals, making a passage for the air into the very heart 
of the fire. 

1638 Why is the flame of a candle extinguished when bloum by ths 
breath, and not made more intense^ Wee afire t 

Because the flame of a candle is confined to a very 
small wick, from which it is severed by the breath, and 
(being unsupported) mttst go out. 

163d When a chimney wUh an open fireplace gets onfire, and lums so 
as to endanger the liouse, how may it at once be extinguished^ 

By throwing a quantity of brimstone or sulphur into 
the fire, and aosing up the Replace with a fireboard or 
screen. The sulphurous acid soon fills the chimnejr, and 
taking up all the oxygen from the contained air, ex- 
tinguishes the fire. Even the fire, after it has extended 
into the woodwork of the house, may be extinguished 
by this simple method. 

1640 Fire in a chimney may he also extingmshed by closing the top of 
the flue with a damper : how does this extinguish the fire t 

It ciUs off the draughty and the carbonic acid gene- 
rated by the combustion soon puts an end to the fSe. 

154:1 Whai is meant by spontaneous combustion t 

Combustion produced without contact with fire or 
flame. 

164kd Give me an example of ^f>ontaneous combustion* 
Oiled cotton and rags imbued with any drying oil, 
when packed in mass in a ban-el, take fire, after a time, 
at ordinary temperatures. Mixed lampblack and lin- 
seed-oil cake take fire at ordinary temperatures, if the 
lampblack is in excess, or a portion of it is dry. 

164:3 WTiat is generaUy the cause of spontaneous combustion t 

The absorption of oxygen. Porous bodies, that are 



Digitized 



by Google 



SCBENCB OP C5OMM0N THINGB. 231 

Wiij all flames are not equally laminoos. Cause of tbe color of a fire. 

at the same time bad conductors of heat, by the 
absorption of oxygen may become red hot,* and finally 
burst into a flame. 

1S4:4: Is pine charcoal capable of taking fire at an extremely low tem- 
perature f 

Porous bodies, like pine charcoal, when perfectly 
dry, absorb oxygen rapidly from the air, and take fire 
at a temperature below 212*^ Fahrenheit, or the boil- 
ing-point of water. 

This has been proved by actual experiment, a piece of light pine char- 
coal taking fire on a sur&ce of sheet iron, heated below the boiling-point 
of water. 

1S4:S Why are not aU flames eqwtUy luminous t 

The luminosity of a flame depends upon the presence 
of incandescent solid matter in it. Hence those gases 
and vapors can only become luminous which produce 
or deposit solid or hquid matter during their combus- 
tion. 
1G46 Upon what fact does the production of artificial light depend t 
Upon the fact that at certain high temperatures aU 
matter becomes luminous. 

1647 In order {hai we may profUdbly use a combustible body for iUur 
minating purposes^ whai is required of (he products of (he combustion f 

That they should be volatile, and freely escape from 
the immediate vicinity of the illuminating centre. 

1G48 The product of aU the ordinary forms of combustion is a gas — 
carbonic acid : what watdd have been the result if (he product of every com- 
bustion had been a permanent solid t 

The world would have been buried beneath its own 
ashes. 

1640 Why is the flame of an ordinary flre yellow f 
Because the hea^ is not sufficient to render the car- 
bon white hot. Increase the intensity of combustion, 
and the color of the burning bodies or the flames rises 
from red to yellow, and from yellow to white. 

1660 A candle bums when lighkd : eocpUm how (his is t 

The heat of the lighted wick decomposes the tallow 
into its elementarjr constitt^ents, hydrogefn, and carbon. 
The hydrogen is nrst consumed as a gas by itself with 
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Pbenomeiui of comboBtion in the flame of & candle. 



an almost imperceptible light, but with ,a powerful 
evolution of heat; this causes the carbon, simultane- 
ously eliminated, to become incandescent and conse- 
quently luminous. 

16C1 As more carbon is successively elimincUedj wh/it becomes of it t 

The moment the incandescent floating carbon comes 
to the edge of the flame, it finds the oxygen of the air, 
unites with it^ and becomes converted into the irmMble 
gaa^ carbonic acid^ while its place is occupied immedi- 
ately by another portion of solid carbon. 

16CSS Whai if there is not sufficient oxygen to consvme the carbon f 

It then pa8%e% off as soot, and we say the candle 
smokes. 
16S3 Whore is the taUow or wax of a candle decomposedt 
In the wick. The melted tallow or wax rises up the 
wick by capillary attraction, and is rapidly decom- 
posed by the heat of the flame. 

1C64 Of what three parts does the flame of every lamp or 
candle consist? 

The flame of every lamp or candle consists 
of three cones. The innermost cone {a^ Fig. 
49) consists of gaseous matter produced by the 
decomposition of the tallow ; this is at a tem- 
perature below redness. Around it is the lu- 
minous cone {J>\ consisting of burning hydro- 
gen, in which tne particles of carbon Soat at a 
white heat; and on the very outside (A a 
thin, hardly-perceptible veil in which carbon 
is burning. The veil is of a blue color, most 
plainly seen at the bottom of the flame. ^^'^' 

1556 Which is (he hottest part of {he flame 7 

The pale Hue flame ; this marks the point where 
the combination of the oxygen, supplied from without, 
with the combustible matter evolved from the interior 
takes place. 

1556 Why does the ftame of a candle point upwards f 

Because it heats the surrounding air, which (being 




Digitized 



by Google 



fiCIKNCE OF COMMON THINGS. 233 

Use ot a hole in the top of a lamp. Use of gromid glass lamp shad^ 

hot) rapidly ascends^ driving the flame upwards at the 
same time. 

IfiSST Why does the hartd^ held above a candle^ suffer more from heat 
than when it is placed hdow the flame, or on one side of it t 

Because the hot gases and air (in their ascent) come 
in contact with the hand placed above the flame ; but 
when the hand is placed oelow the flam6, or on one 
sidej it only feels heat from radiation. 

16CS8 Why is not the wick of a candle consume f 

The wick, although it is blackened by the heat, is 
prevented from consuming, merely because it is sur- 
rounded hy inflammable va/por^ so that the oxygen of 
the atmosphere has no access to it. 

16CSG Why do aJU dosed lamps require a small hole in the top? 

To admit the air ; otherwise the pressure of the 
atmosphere will prevent the oil from ascending the 
wick ; if the hole be obstructed, the oil will sometimes 
overflow from the expansion of the confined air. 

1660 Why do we use ground-glass globes for lamp shades t 

To relieve the eye from the glare of light Ground- 
glass shades have the effect to diverse the rays by the 
numerous reflections and refractions which they occa- 
sion ; until at length the hght issues from all parts of 
their surface, and it appears as though the glass itself 
were the luminous body. 



CHAPTEE III, 

RESPIRATION AND NUTBiriON. 



1661. Whaiis respiration? 

The act of inhaling air into the lungs, and again 
ea^peUing it 
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1668 What is (he ot^ect of drawing air into (he Jungs and again exp«{- 
Ung at 

To oxidize the carbon and hydrogen of the blood. 

1S63 We receive into the hmgs oxygen (hrough the medium of the atmo- 
sphere, mingled with nitrogen : whai do we expdfrom the lungs t 

The nitrogen returns unaltered; the oxygen unites 
with the carbon of the blood to form a gas — carbonic 
acid^ and with hydrogen to form the vapor of water. 

15Q4 Are not these (ke same products of every ordinary form of comr 
bustiont 

They are ; therefore respiration or hreaMng is but 
a form of comJmation. 

1666 H is estimated that a man receives into his system about eighi 
hundred pounds of oxygen from the atmosphere in a year, hut his weight at 
the end of the year has increased hut litite, or not at aU: what becomes of aU 
this oxygen? 

No part of it remains in the body, but is given out 
again^ combined with carbon and hydrogen. 

1666 Eow mwih carbon passes out of the system of an advU man by 
the agency of respiration daily f 

About three pounds, 

1667 Bow is this great abstraction of material from the body made up t 

By ihefood which we eat. 

1668 What are ihe hmgs t 

Lungs are made up of Uoodveaeds imbedded in a 
fleshy substance which we denominate celhdar tisstce, 
and expanded over the walls of a series of chambers or 
cavities. 

They are so situated in the thorax (or chest) that the air must enter 
into them whenever the cavities of the thorax are enlarged. The process 
of breathing is performed thus: When we inhale, the thorax (or chest) 
is expanded ; in consequence of which a vacuum is formed round (he 
lungs J and the heavy external air instantly enters (through the mouth and 
throat) to supply this vacuum. 

When we eyhalr, the thorax contracts again; in consequence of 
which it can no longer contain the same quantity of air as it did before^ 
and some of it is necessarily eocpeHed. When this expuMon of air takes 
place, the lungs and muscular fibres of the windpipe and gullet contract in 
order to assist the process. 

1669 lb what may the mechanism of the lungs in respiration be com* 
pared? 

To the action of a bellows. 
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1570 J)o we respire or dbsorJ) and expel oxygen inltii^aaiher way ihan 
through the lungs f 

We breathe also in a degree through the pores of 
the skin, absorbing oxygen and expelling carbonic acid. 

1571 Do extensive hums on the surface of the hody frequefntly produce 
diseases of the lungs f 

They do. 

1573 Why should eociensive hums on the surface of (he hody tend to 
produce diseases of the lungs t 

While in a condition of health, the skin tranquilly 
aids the lungs in the expulsion of carbonic add from 
the body ; but the portion of the skin which has been 
scorched by an extensive bum, no longer being able to 
perform that function, the lungs are obliged to assume 
an exitra chityy and suffer as a consequence of their 
exeiiion. 

1578 If hy neglect of loashing, we suffer (he skin to hecome covered with 
impurities^ do we not disturb the healthy action of the system f 

We do / there is no better-established law of health, 
than that the surface of the whole body should be kept 
clean and free from all impurities. 

15*74 If the carbon taken from the system through the agency of the 
lungs be not testored^ what is the consequence f 

Starvation ensices. 

1575 ffoy; (ioes the oxygen we inhale mingle with ihe hloodt 

The oxygen of the air is absorbed in the lungs by the 
Uood^ and imparts to it a bright red color. 

167S Sow does oxygen convert the color of blood into a bright red f 

The coloring matter of the blood is formed by very 
minute globules floating in it. The oxygen uniting 
with these globules changes their color to a bright red. 
The blood contains iron^ and this metal is supposed to 
play an important part in the coloration of the blood. 

1577 What color is the blood before it is oxidized in the lungs f 

A dark purple / the oxygen turns it to a bright red, 

1578 Do plants respire as weU as aniTnals f 

They do / and their leaves may be regarded as per- 
forming for them similar offices as the lungs of animals. 
They are the breathing organs of plants. 
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How WBter plants purify the water. Oanse of animal heat. 

1670 Is there any difference between the respiraiion of pkads and 
anmdist 

The process of respiration in plants is exactly the 

refperae of that in animals. Animals cibaorb oxygen^ and 

giA)e out carbonic acid; plants, on the contrary, absorb 

carbonic acid^ and return oxygen. 

1680 Jl ia estimaied ihai the poptdation of London oMs to (he atmo- 
sphere daily 4,600,000 pounds of carbonic acid : how ia this immense quan- 
tity of deleterious gas removed from the aimosphere t 

Principally through the agency of plants, which 
absorb it 

1681 Do water-planis ptsrify and free waierfrom carbonic add in (he 
same manner thai Umdrpkmis purify the aimosphere f 

The respiration of fishes prodnceB carbonic acid, and 
unless this is removed from the water, animal life will 
cease to exist in it Water-plants absorb the carbonic 
acid from the water, and restore the oxygen. 

158d During bright weather^ the leaves of waier-plants, it will be no- 
ticed, are covered with little bubbles : what are these bubbles f 

Oxygen gas, liberated by the organs of the plant 

1S83 It is good policy^ in fountains and reservoirs of water ^ to free 
them wholly from the presence of vegetable and animal orgarusms f 

It is not : they are both dependent on one anotJier, 
and the joint action of the two serves to keep the water 
pure and wholesome. 

1684 What is the cause of animal heal f 

The oxygen of the atmosphere, received into the blood 
in the lungs, and ci/rciilated throughout every pa/rt of 
the animcdbody, acting upon the elements of the food, 
is the chief source of animal heat 

1686 Why does oxygen received into (he blood produce heai f 
Through the medium of the capiUary vessels oxygen 
absorbed from the atmosphere unites with carbon and 
hydrogen. This union is a species of combustion, and 
produces heat in the same manner as when oxygen 
unites with fuel in an ordinary fire. 

1CS88 What are the capiUary vessels t 

Minute bloodvessels or tubes as smaU as hairs nm- 
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ning all over the lody ; they are called capillary from 
the Xatin word capiUarisy " like a hair." 

1587 Do these capillary vessels run aU over the human body f 

Tes. Whenever hlood ^flows from a wound^ some 
vein or vessel must be divided : and as you can bring 
blood from any part of the body by a very slight 
wound, these little vessels must run through every part 
of the human frame. 

1688 How do hydrogen gas and carbon get into these very smaU 
vessels? 

The food we eat is converted into blood, and blood 
contains both hydrogen and carbon. 

1589 Does this combustion^ and ^ consequent production of animai 
Tieaty iaJce place in evtry part of the body t 

In the animal body, heat is produced only in those 
parts to which arterzaZ bloody and with it the oxygen 
absorbed in respiration, is conveyed. 

15GO Why is there no Jieai developed in hair^ wool, andifeaJfhers 1 

Because they receive no arterial hlood^ and therefore 
in them no heat is developed. 

15G1 Whai two kinds of blood are there in the animal bo^ t 

Arterial hlood and venotis ilood. 

15GJ3 What is the difference between the twof 

The arterial blood going from the lungs conveys the 
oxygen which it has absorbed in the lungs to the capil- 
lary vessels. In these the combustion takes place, and 
the color of the blood changes from a bright to a dark 
red color. 

15G3 Whai becomes of the blood after it has given up its oxygen to the 
hydrogen and carbon in the capiUary vessels f 

It enters the vei/nsj carrying with it the products of 
combustion. The venous blood passes to the lungs, 
throws off the products of combustion, absorbs more 
oxygen, becomes converted into arterial blood, with 
a renewal of color, and is again returned into the 
system. 

16d4: What becomes of the carbonic acid gas formed in the human 
blood t 

n 
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Why a dead body Is otdJ. Why we perspire. 

The lungs throw off almost all of it into the air^ by 
the act of respiration. , 

1S9S Does the heal of Hht human body arise from (he same cause as 
the heat of fire f 

Yes^ precisely. The carbon of the Uood combineB 
-with the oxygen of the air inhmed^ and produces ca/r- 
tonic acid gas, which is attended with combustion. 

1S9Q If animal heat- is produced by coTribustionj why does not the, 
Ttuman body bum up like a coal or candle t 

It actually does so. Every muscle, nerve, and orean 
of the body actually wastes away like a hurning canale ; 
and (being reduced to air and ashes) is rejected from 
the system as useless. 

1657 If every bont, miusde, nerve^ and organ is thus consmned by com- 
bustiony why is not the body entirely consumed? 

It would be so, unless the parts destroyed were per- 
petually renewed ; but as a lamp will not go out so long 
as it is supplied with fresh oU^ neither wiu the body be 
consumed so long as it is supplied with sufficient food. 

1658 Whai is ike principal difference between the combustion of a fire 
or lamp, and that of the human body t 

In the human body, the combustion is effected at a 
much lower temperature, and is carried on more slowly, 
than it is in a lamp or fire. 

ISaO Why is a dead body cold f 

Because air is no longer conveyed to the lungs after 
respiration has ceased; and therefore animal neat is 
no longer generated by combustion. 

1600 Why do we perspire when very hot f 

The pores of the body are like the safety-valves of a 
steam-engine ; when the heat of the body is very great, 
some of the combustible matter of the blood is tKrown 
off in perspiration, and the heat of the body is thereby 
reduced. 

leOl Why does exercise make us warm t 

Because we inhale air more rapidly when we exer- 
cise, and cause the blood to pass more rapidly through 
the lungs in contact with it. 
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1602 Why does inhaUng air rapidly make ihe body fed warm f 

Because more oxygen is introduced into the body ; 
in consequence of wnich the combustion of the blood is 
more ramdj the blood itself more heated^ and every 
part of the body is made warmer. 

1608 When a man is starved whai part of Ihe body goes first t 

First the fat, because it is the most combustible; 
then, the muscles ; last of all, the brain ; and then the 
man dies, like a ccmcUe which is humt out. 

1604 Why does a man shrink when starved f 

Because the capillary fires feed upon the human 
hod/y when they are not supplied with food-fael. A 
starved man shrinks jvst as a f/re does when it is not 
supplied with ftiel. 

1606 WhaiisfiidofGielodyf 

Food is the fud of the body. The ca/rhon of the 
food^ mixed with the oxygen of the air^ evolves heat 
m the same way that a fire or candle does. 

1605 Why does hard work produce hrmgert ' 

Because it produces quicker respiration ; by^ which 
means a la^er anwvM of oxyam is introduced into the 
hingsj and the ca/pULa/rv combustion, increased. Hun- 
ger is ihe noUce (given by our body) to remind us that 
OTxsfoodfud must be repUnished. 

160*7 Why do persons fed lossy and a/oerse to exercise when they are 
TuUf'Starved or iUfed t 

Because desire for muscular action ceases when the 
body is not svppUed with n/utritioicsfood. 

160S Why doweUke strong meai and greasy food when the weather 
isvery ccHdl 

Because strong meat and grease contain lar^e pro- 
portions of carbon and hydrogen, which (when burned 
m the blood) produce a larger amount of heat than any 
other kind of food. 

1609 Why art the Esquimaux so paesUmatety fond of train oU and 
whaieUtibhert 

Because oil and blubber contain large quantities of 
carbon and hydrogen, which are exceedingly combus- 
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tible ; and as these people live in climates of vrvtense 
eddy the heat ci their bcKlies is increased by the greasy 
nature of their food. 

1610 Why do VK fed kaif and m)arae to acUvity in very ?iot wec^^ 
Secanse mnscnlar activitjr mcreaaea the Jieat of our 

body by quickening respi/raUon^ and lessens our desire 
for active exertion. 

1611 ncwfMichmcrtearb<mdi>wtihnwoff 
f(UMn in wifUer than in mmmerf 

Fall ane^hth mare. 
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PAET vn. 

LIGHT, AND HOW WE SEE. 



CHAPTER I. 

NATUKE AND LAWS OP UGHT. 

1618 Through whai agency alone are we enabled io et^ the sense of 
sighif 

Through the agency of light 

iei3 WhatisligHf 

Light is now beKeved to be caused by the agitation, 
vibration, or undulation of an elastic fluid which is sup^ 
posed to occupy and pervade all space. "We call this 
supposed fluid ether, and its undulations or vibrations, 
reaching the eye, affect the optic nerve, and produce 
the sensation which we call light 

1614 T{r^an(z20^t9(^e&e^een(^esfeand2^earf 

The vibrations or undulations of the ether pass alon^ 
the space intervening between the visible object and 
the eye in the same mwrmer that the undulations of the 
mr^ produced by a soimding body, pass through the 
air between this body and the ear. 

1615 If we collect a large quanUiif of Ughl in <me point by means of a 
glassy and throw it t^Mn the most sensitive lakmce^ does U indicate any per* 
eeptQjUe weight f 

It does noty in the slightest degree. 

1616 What are the chd^ sources of UgMt 

The sim^ the stars^ ji/re or cornbustion^ decbrid^y and 
phosphorescence. 

1*617 With whai velocity does UghtTnove through i^pacef 
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With a velocity of one hundred cmd ninety-two thour 
so/nd miles in a second of time. 

1618 Does aU Kghi trend equaUyfastf 

Yes: the light of the san, the light of a candle, or 
the light from nonses, trees, and fields. 

1610 Eow long a Ume does it require for Ughi to pass from the eun to 
(heeartht 

EigJU miniUes and thirteen seconds. 

16dO Bow much time is required for a ray of Ught to traverse ihe 
space intervening between the nearest fixed stars and the earth f 

More than six years / and from the farthest nebulae 
hundreds of years will be required. 

16S1 Whaif ihereforey wotdd he the eonseqttence if one oj the remove 
faced stars were to-day " blotted from the h/savens ?" 

Several generations of tlie earth would pass away 
before the obliteration could be known to man. 

16dd In whai manner do the moon and the planets give Ughit 

They shine onlv by means of the sun^s lights which 
is reflected from their surfaces. 

16d3 Where does ike Ught ofhouses^ trees^ and fields come from t 

The light of the sttn (or of some artificial light) is re- 
flected nom. their sit/rfaces. 

XGQ4t Why are some swrfaces briXtUmt (Wee glass and steel) and others 
duUUkekadt 

Those surfaces which reflect the most light axe the 
most IriUicmt ; and those which absorb light are dtcU. 

1685 Bow does the velocity of light compare wilh the speed cf a loco- 
motive? 

Dght passes from the sun to the earth in about eight 
minutes ; a locomotive engine, travelling at the rate 
of a mile in a minute, would require upwards of one 
hundred and eighty years to accomphsh the same 
journey. 

1686 Bow does the light ofthefuU moon compare with that of (he sunt 

It is estimated to be three hund/red thousam^d times 
weaker than sunlight. 

16S7 The velocity of light is dem/mstraied by observaiions on the 
satellites of Jupiter. WHl you explain how this can beprovedt 
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Yelocitj of light determined from observations on Jupiter*8 Satellites. 

The earth revolves around the sun in an orbit of 
which the sun is the centre. We are able to calculate 
the exact time when an observer standing in the centre 
of the earth's orbit, — that is, in the sun, would see an 
eclipse of Jupiter's satellite ; but as the earth moves 
round the sun in its orbit, it is brought at one time 
ninety-five million of miles nearer Jupiter than the sun 
is, and at another time it is carried mnety-five millions 
of miles further off. Now, when the eartlx is nearest 
to Jupiter, the eclipse takes place eight minutes in 
advance of tlie calculated time, and when it is ninety- 
five naillions of miles farther off, the eclipse occurs eight 
minutes later than the calculated time. This delay is 
occasioned by the fact, that in the one case the light 
coming from the satellite to the earth has to traverse a 
much greater distance than in the other ; and if the 
light requires eight minutes, or 480 seconds, to move 
over 95,000,000 of miles, it will require one second to 
move over 197,000 miles, or it will move neaiiy 
200,000 miles in one second. 




ng.£o. 



The explanation above given will be made clear by reference to the 
following diagram, Fig. 60. 5 represents the sun, a b the orbit of the 
earth, and T T the position of the earth at different and opposite points 
of its orbit J'represents Jupiter, and E^ its satellite, about to be eclipsed 
by passing within the shadow of the planet Now the time of the com- 
mencement or termination of an eclipse of the satellite, as stated from 
calculation in tables, is the instant at which the satellite would appear to 
enter or emerge from the shadow, if it could be seen by an obsen^cr from 
the sun, S. If the transmission of light were instantaneous, it is obvious 
that the light coming from Jupiter's satellite, E^ would be seen at the 
fiame moment at the points T^ S and T, But repeated observation showi 
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that the eclipse takes place eight minutes earlier than the calculated 
period when the earth is in the nearest point of its orbit, as at 7^ and 
eight minutes later when she is in the opposite part of her orbit, as at T, 
the difference in the distance of these two points from the sun being 
05^000,000 of mUes. 

1638 Why can a thousand jpenons see the same object ai the same 
Umet 

Because it throws off from its sor&ce an infinite 
nunabcr of tbys in aU directions ; and one person sees 
07W portion of Uiese rays, and another person a/nother. 

16J3d Why canioefu4seeihesiarsin(heday-4met 

Because the light of the sun is so powerful that it 
eclipses the feeble light of the stars ; in consequence 
of which they are invisible by day. 

1630 In what rnanmer is Ughi propagated? 

In ri^ht lines from every luminous point, every such 
line bemg called a ray of ught 

1631 What do we mean by a pencil of 
Ughit 

A collection of radiati/ng lines 
or rays, as seen m JFzg. 61. 

1633 Whai is darkness f 

The absence of light. 

1683 YThaiiaashadmo? '**•''' 

A shadow is the name given to the compa/rative 
darhness of places or objects, which are prevented by 
intervening things from receiving the direct rays of 
some luminous body shining on the objects around. 

1634 Why cannot we see through a crooked tube as weU as through a 
straight one? 

Because light moves only in straight lines. 

163& W?uU is the philosophy of taking aim with a gun or arrow f 

In taking aim with a gun or arrow, we proceed upon 
the supposition that light moves in straight lineSj and 
try to make the projectile go to the desired object as 
nearly as possible by the path along which the light 
comes from the object to the eye. 

1636 Why does a carpenter look along the edge of a plank to see if U 
is straight? 
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If the edge be straight and uniform, the light from 
all points of the ed^e will come to the eye reguLaflrly 
and vniforwly ; if irregularities, however, exist, they 
will cause the light to be irregvla/r^ and the eye at 
once notices the confusion and the point which occa< 
sions it 

G"? WTuUiaarrUrrort 

Any substance reflecting light. The term is gene- 
rally applied to glass covered ou the back with quick- 
silver. 

1688 When lighifdOa vpon a hodyt in what three ways may ii dispose 
o/iisdff 

It may be reflectedy refracted, or dbaorbed* 

1639 WhM do we mean whm we speak of UgU being rejkekdf 

When a ray of light strikes against a surface, and is 
caused to twm hack or rebovmd m a directicm different 
from whence it proceeded, it is said to be r^kcUd. 

16^0 Why do we see cfwseboes in a mvrroT^ 

Because the rays of light from our face sbrUce against 
the glass, and (instead of being transmitted) are reflect- 
ed, or sent back again to our eye. 

164a WAyof8^ray5()^Z^Wiie.;fecferf5yaminwf 

Because they cannot pa%B through the impenetrable 
metal with which the back of the glass is covered ; so 
they rebound back, just as a marble would do if it were 
thrown against a wall. 

16^d When a marbh is roUed (awards a watt, tAftol is ihe path 
through wh4ch U rvns cdUedt 

The line of incidence. 

1643 When a marble rebounds back again^ whai is (he path it then 
describes caUedt 

Theline of reflection. (See 
Fig. 52.) 

If A B be the line of incidence, 
then B E is the line of reflection; 
and vice versd, 

1Q4A When the light of our face 
goes to the glass, what is the pcdh 
rough whUh U goescaUedt 

11* 
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The line of incidence. 

ror, what is this rdummg path caUedt 

Tbe line of reflection. 

1646 Whaiis the angle of tnddencet 

The angle between tiie line of incidence and ihejper- 
pendicula/r. 

1647 What is the angle of r^Udkmt 

The angle between the line of reflection and the per- 
pendicular. {See Fig. 62.) 

Let F B (Bg, 68) be any sor&ce; D B a perpendicular to it If a 
marble were thrown from E to B, and bounded back to A, then £ B D 
nMould be the angle of incidence, and D B A the angle of reflection. 

1648 Why does (he image of any cH^ect t» water aiwags appear ity- 
ffertedt 

Because the angles of incidence being always equal 
to the angles of rraection, the light of the object, refect- 
ed to our eyes from the surface of the water, comes to 
us with the same direction as it would have done, had 
it proceeded directly from an inverted object in the 
water. 

In Fig. 63, the light proceeding from the ar- 
row-head, A,' strikes the water at F, and is re- 
flected to D, and that from the barb, B, strikes 
the water at B, and is reflected toC. A spec- 
tator standing at G will see the reflected 
lines, E G and F O, as if they proceeded di- 
1 rectly from and D. Now we always judge 
\ of the position of an object according to the 
I direction in whidi the rays of light repre- 
'senting it come to the eye, and for this 
Wig, 68. reason the image of the arrow, A B, reflect- 

ed from the sumce of water, appears to be 
kx^ted at G D. It is lOso plahi that A (the more elevated olgect) will 
strike the water, and be projected Scorn it more perpendicularly than the 
point B; and therefore.the image will seem inverted. 

1640 J^ we lay a looking-glass upon (he floor, wi(h its face vppermoet^ 
and place a candle beside it, why wiU the image of the candle seen in the 
mirror by a person standing opposite to the candle, seem as mMch below the 
surface of (he glass as the candle itself stands above the glass t 

Because the incident ray cominff fix>m the top of the 
candle, strikes the surface of the glass, and i& reflected 
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in the same direction that a ray of light would liave 
taken, had it really come from a candle situated as 
much below the surface of the glass, as the first candle 
was above the surface. Tliis fact will be clearly shown 
by referring to Fig, 54 




ISSO Why^ when we hoi! into a plane mirror (the common looking' 
gkiss) does our iimige appear to be ai the same distaiice behind the surface 
of Uie glass^ as we are before the surface f 

Because the h'nes and angles of incidence being 
always equal to the lines and angles of reflection, the 
rays which proceed from each point of our body 
before the mirror will, after reflection, proceed as if 
they came from a point holding a corresponding posi- 
tion behind the mirror; — and therefore produce the 
same effect upon the eye of an observer as if they 
actually had come from 
that point. 

For this reason our reflec- 
tion in a mirror seems to ap- 
proach us as we walk towards 
it, and to retire from us as we 
retire. 

The wliole subject of the re- 
flection of images being gene- 
rally of difficult comprehen- 
sion by most persons, Mg. 55 
is introduced as a means of 
further explanation. 

Let A B be a part of an 
object placed before a looking- 
glass MN. Let AB and AC 
be two rays diverging from it, 
and refl 3cted from B and C to 
an eye atO. After reflexion Fiff.6K. 
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they win proceed as if they had issued fitnn a point a as far behind 
the surface of the looking-glass, as A is before' it — ^that is to say, the dis- 
tance A N will be equal to the distance a N. In seeing an object with 
the eye, we fix upcm its position according to the direction in which the 
rays of light coming finom it proceed, and do not take into account the 
fact that the rays have been reflected from their original course. 

1B61 Is (he same quanUty of Ughi reflected at aU <mgleSf or incUna- 
Uonst 

It is not : when the angle or inclination with which a 
ray of light strikes upon a reflecting surface is great, 
the amount of light reflected to the eye will be con- 
siderable ; when me angle, or inclination is small, the 
amount of light reflected will be diminished 

1663 Why does a spectaior^ stcmdmg upon the hank of a river, see (he 
images of (he opposite bankj and objects upon it reflected in the waier, but 
not the images of any near object t 

Because the rays of light coming fipom distant objects 
strike the surface of the water very obliquely, ana the 
light reflected is sufficient to make a sensible impres- 
sion upon the eye, while the light proceeding from 
near objects strikes the water with little obliquity, and 
the light reflected is not sufficient to make a sensible 
impression upon the eye. 

This fact may be clearly seen by reference to Mg. 56. 




Let S be the position of the spectator ; O and B the position of distant 
objects. The rays R and B R which proceed from them, strike the 
surface of the water very obliquely, and the l^ht which is reflected in 
the direction R S is sufficient to make a sensible impression upon the 
eye. 

But in regard to objects such as A placed near the spectator, they are 
not seen reflected, beoause the rays A R' which proceed from them strike 
the water with but Uttle obliquity j and consequently, the part of their 
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light which is reflected in the direction R' S, towards the spectator, is not 
suflBcient to produce a sensible impression upon the eye. 

1663 Why do windows seem to blaze at sunrise and sunset t 

Because glass is a good reflector of lights and the 
rays of the sun (striking against the window-glass) are 
rejlefiUd^ or thrown back. 

165<^ On a lake of water the tnoon seems to make a path of light 
U)wa/rds (he eye of the spectator^ white all the rest of the lake seems dark : 
why is this f 

The reason of fhis appearance is that every little 
wave, in an extent perhaps of miles, has some part of 
its rounded surface with the direction or obliquity 
which, according to the required relation of the angles 
of incidence and reflection, fits it to reflect the light to 
the eye, and hence everv wave in that extent sends its 
momentary gleam, which is succeeded by others. 

16S6 In a sheet of wcUer at ruoon, the stm appears to shine upon onky 
one spotj and aU the rest of the water seems dark : why is this t 

Because the rays fall 
at various degrees of 
obliquity on the water, 
and are reflected at 
mrhUar cmglea j but as 
only those which meet 
the eye of the mectatcyr 
are visible, all the water 
will appear dark ex- 
cept ikai one spot. 

Here, of the rays S A, S B, 
and S C, only the ray S 

meets the eye of the specta- 

tor D. The spot 0, therefcM^, jngTer 

will appear luminous to the 

spectator D, but no other spot of the water ABO. 

1666 Why ca/n toe not see into the street or road when candles are 
Ughtedt 

^ 1. Because glass is a reflector, and throws the candle- 
light hack into the room again ; and 

2. The pupil of the eye (having become contracted 
by the light of the room) is too small to collect rays 
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euoo^h from the dark street to enable us to see 
into tt 

1SC7 Why do we often ace iJie fire reflected in our windows in winter- 
Umef 

Because glass is a good r^ector^ and the rays of the 
fire (striking against the window-glass) are reflected 
back into the room again. 

1G68 Jlfthtifhadow of an oH^edhe thrown on a waU, the closer the object 

is held to the candle, the larger 
will be its shadow : why is thisf 

Because the rays of 
light diverge (from the 
flame of a candle) in 
straight lines^ like lines 
drawn from the centre 
of a circle. 

Here the arrow A, held close 
to the candle, will cast the 
shadow B F on a wall ; while 
the same arrow, held at Q 
would cast onlj the little sha- 

K,.M. ^"''^^ 

1669 How do we judge of the position^ distance, and size of an object t 




an 

the 



We judge of the position and distance and size of 
object by tne relative direction of lines drawn from t 
object to the eye, and by the angle which the intersec- 
tion of these lines makes with toe eye. This angle is 
called the angle of vision. 




1^= 



Fig. 59. 



The student will bear in mind that an angle is simply the inclination 
of two lines without any regard to their length. Thus, in Fig. 59, the 
inclination of the linei^ caused by rays of light proceeding from A and B, 



Digitized 



by Google 



SCIENCB OF COMXfON THINGS. 251 

How we estimate the size and podtion of distant oljjects. 

and from G and i), and meeting at the eye, forms an angle at the pomt 
of mtersection, which is the eya This angle is the angle of vision. As 
the inclination of the ines proceeding from A and B^ and from C and Z>, 
is the same, the angles will be equal, and the man and Uie hird will ap- 
pear of the same size. 

1660 Why does a man on the top of a mountain or churchrtpire seem 
to he no larger ffum a crowf 

Because the angle made in onr eye by the perpen- 
dicitla/r height of the ttkmi at that distance is no lai*ger 
than that made by a oraw close hy. 

Let A B {Fig. 59) be a man on a distant mountain or spire, and C Dft, 
crow dose by, the man will appear only as high as the Une C i>, which 
is the height of the crow. For the same reason the trees and houses &r 
down a street or avenue appear smaller than those near by. 

166X Why does fhe moon appear tons so much larger than (he stars^ 
ihottghf in/adf it is a great deal smaUer t 

Becanse the moon is very much nearer to ua than any 
of the stars. 




riff. 601 

Let A B represent a fixed star, and C D the moon. The angle of 
vision, A O B^ which the fixed star, A JB* makes with the eye is evidently 
less than the angle of vision, C-GD, which the moon makes with the eye. 
But we judge of the size of a body by the size of the angle, and therefore 
the moon, which is nearest and makes the greatest angle of vision, ap- 
pears the larast. A -B, though much the larger body, will appear no 
bigger than £F; whereas the moon (CD) will appear as large as the 
hne, (7 -D, to the spectator, G. 

Ilie moon is 240,000 miles from the earth, not quite a quarter of a 
mtlUon of miles. The nearest fixed stars are 20,000,000,000,000 (that is, 
twenty billions). 

166S Why does the moon {which is a sphere) appear to he a fiat sur- 
face t 

Because it is sofa/r off that we cannot distinguish any 
dijfference between the length of the rays issuing from 
the edge and those which issue from the centre. 
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The rays ^ -D and CD 
appear to be no longer 
than the ray B D ; but if 
all the rays seem of the 
same length, the part B 
will not seem to be nearer 
to us than A and C; and therefore ABC will look like a flat or str^ht 
line. The rays ^i> and Ci> are 340,000 miles k>ng. The ray ^/> is 
238,910 miles long. 

16Q3 An (jhject in Qw shade is not so brighi and apparent as <m offjed 
in ihe sun : why is ii naif 

Because objects in the shade are seen by reflected 
light reflected; that is, the light is twice reflected; 
and, as the rays of light are always absorbed in somie 
measure by every substance on which tliey fall, and 
also scattered by U'regular reflections, theretbre in the 
two reflections much light is lost, and tlie object is seen 
with less distinctness. 

Part of the rays are absorbed, and part are scattered in all directbns 
by irrejcular reflections ; so that rarely more than half are reflected, even 
fiom the most polished metals. 

1664 Why is U lighi when the sky is covered with thick clouds t 

Partially because the sun's light is transmitted 
through tne clouds, and partially on account of the 
multiplied reflections of light in tne atmosphere. 

1665 What is the use of telescopes t ^ 

They gather together the rays of light, and a greater 
number are thus brought to the eye. 

1666 Eow can these ra/ys be gathered together t 

Rays of light diverge — ^that is, spread out in all direc- 
tions — ^fmm a luminous object Tlio number of these 
diverging rays which will enter the eye is limited by 
tlie size of the pupil. But before they reach the eye, 
they may be received upon a glass lens of a convex 
form, which will have the eflfect of collecting them into 
a space less in magnitude than the pupil of me eye. If 
the eye be placed where the rays are thus collected, all 
the light wul enter the pupil. 

The light which prodnceiJ vision, as will be more ftilly explained here- 
after, enters tlie eye through a circular opening called the pupil, which is 
the black circular spot surrounded by a colored riog, appearing in the 
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centre of the front of the eye. Now, z& the rays of light proceeding from 
an object diverge, or spread out, the number which w5l enter the eye will 
be limited by the size of the pupiL At a great distance from an object, 
as will be seen in Mg, 62, few rays will enter the eye; but i^ as in Mgl 
63, we place before the eye a piece of glass, called a lens, so constructed 
as to collect all the diverging rays together, the h'ght will be concentrated 
at one point, and in sufficient quantity to enable us to see distinctly. 

1667 Why do telescopes enable us to see objects invisible to the naked 
eyef 

Because they gather together more luminous rays 
from obscure objects thau the eye can, and form a bright 
image of them m the tube of the telescope, where oy 
means of lenses they are magnified. 

1668 WJien a ship (out at sea) is approaching the shore, why do we 
see the smaU masts before we see the bulky huUf 

Because the earth is round; and the cimfe of the sea 
hides the hvU from our eyes after the tall masts have 
become visible. 




Fig. 64. 

Here only that part of the ship above the line A can be seen by the 
spectator, A ; the rest of the ship is hidden by the swell of the curve D B. 

The diminution of the size of a ship seen at sea, owing to the convexity 
of the earth and the distance of the observer, is also illustrated in Fig. 65. 

166Q What is meant by the refraction of light f 

light traverses a given transparent substancej such as 
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air, water, or glass, in a straight line, provided no 
reflection occurs and there is no change of density in 
the composition of the medium; but wnen light passes 
from one medium into (mother^ or fix)m one part of the 
Bomie medium into (mother part of a different dendty^ 
it is hent from a straight line, or refracted. 

In Fig. 66, suppose n m to represent the sur- 
fece of water, and S a ray of light strikiniaf 
upon its surface. When this ray S O enters 
the water, it will no longer pursue a straight 
course, but will be refracted, or bent towards 
the perpendicular line, A B, as in the case of S O 
H. The denser the water, or other fluid, may 
be, the more the ray S O H will be refracted, <» 
fig. e6> turned towards A B. 

1G70 Does air possess the property of refracting lighit 

Yes ; the more dense the air, the greater is its refrao- 
tive power. 

X671 Why does the part of a stick immersed in the water appear herd 
or broken f 

Tlie water and the air being of different densities, 
the rays of light proceeding from the part of the stick 
contained in the water are refracted^ or caused to demote 
from a straight line as they pass from the water into 
the air ; consequently that portion of the 
stick immersed!^ in the water will appear 
to be lifted up^ or to be heni, in such a • 
manner as to rorm an angle with the part 
out of the water. 

The- bent appearance of the stick in water is repre- 
sented in Fig. 67. For the same reason, a spoon in a 
II glass of water, or an oar partially immersed in water, 
He. 07. always appears bent 
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IGT'S Why does a river always appear more shallow than it really is f 

Because the light proceeding from the bottom of the 
river is refracted as it emerges out of the water, and 
causes the bottom to appear elevated. 

IGT'S JBino much deeper is a river than it seems to he? 

About one-third. If, therefore, a river seems only- 
four feet deep, it is really six feet deep. 

Many persons get out of their depth in bathing in consequence of this 
deception. 

The following simple experi- 
ment illustrates the effect of re- ..^^ 

fraction: — ^Place a silver coin, f^ 

wi, at the bottom of a basin, Fig. 
68. The rays, i t, proceeding to • 
the eye from the silver surface, 
render the coin visible. The 
point a, the eye, is then moved 
farther back, so that the edge of 
the basin obstructs the direct 

rays, and of course the coin is 

no longer seen. If an attendant ric. ^s 

carefully pours water into the 

basin, so that the object is not moved, it will presently, as the water rises 

in the basin, become again visible. This arises from the refraction of the 

rays by the water, the image, indeed, appearing at n instead of at m. 

±&7^ Is a ray of white ligM simp^ cr compound t 

Every ray of white light is (xmypcmided of other rays 
of colored light. 

iGT'O Into how many parts may a ray ofUghi fte divided t 

Into three parts : bhce^ yellow, and red. 

These three colors, by combination, make seven: 1, red; 2, orange (or 
red and yellow); 3, yellow; 4, green /or yellow and blue) ; 6, Uw; 6, inr 
digo (a shade of blue) ; and, 7, violet (or blue and red). 

1S7S How is it known ihai a ray of UghJt consists of several different 
colors t 

Because if a ray of light be cast upon a triangular 

Siece of glass (called a prism), it will be distinctlv 
ivided into seven colors : 1, red ; 2, orange ; 3, yel- 
low ; 4, green ; 5, blue ; 6, indigo ; and, 7, violet. 

ie77 Why does a prism divide a ray of Usht into various colors t 

Because all these colors are refracted, or bent out of 
iheir course differently. Eed is refracted least, and 
blue the moat ; therefore, the hlite ray will be bent to 
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the tap of the prism, and the red will remain at the 
bottom. 



violet. 

Indigow 

Bio? 

Green. 

TeUow. 

Orange. 

BedT 




k'ia.m. 



This separation of a ray of solar light into different colors, by refraction, 
is represented in Fig, 69. A ray ci light, SA^is admitted through an 
aperture in a window-shutter into a darkened chamber, and caused to fall 
on a prism, P. The ray thus entering would, if allowed to pass unob- 
structedly, have moved in a straight line to the point K, on ttie floor of 
the room ; but the prism being so placed that the ray may enter and quit 
it at equal angles, it will be refracted in such a manner as to form on the 
opposite side of the room an oblong image called the solar spectrum, 
divided horizontally into seven colored spaces or bands of unequal extent^ 
succeeding each other in the order represented: red^ orange^ yellow^ green, 
blue, indiga, viokt 

IST'S Are (he colored rays, once separated and refracted from (he 
prism, capable of being separated and refracted again t 

They are not^ and are hence designated as jninuiry 
colors. 

1679 If (he seven different colors as sepourakd by the prism be again 
collected together, whixt will theyjbrmt 

White light. 

1680 Tb whai is Ihegreai brilliancy of the diamond and other precious 
stones duet 

To their power of refracting light; they are also 
artificially cut hi such a manner as to form a series of 
prisms^ which sep^-rate the rays of light falling on 
fiiem into their component colored rays. 

1.681. What is a rainbow t 

The rainbow is a semdcircular hand or arCy composed 
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of the different colors, generally exhibited upon the 
clouds during the occurrence of rain in sunshine. 

If we take a glass globe filled with water, and suspend it at a certain 
height in the solar rays above the eye, a spectator standing with his back 
to the sun will see the refraction and reflection of red light ; if, then, the 
globe be lowered slowly, the observer retaining his position, the red hght 
will be replaced by orange, and this in its turn by yellow, and so on, the 
globe at diflferent heights presenting to the eye the seven primitive colors 
in succession. If now, in the place of the globe occupying diflferent posi- 
tions, we substitute drops of water, we have a ready explanation of the 
phenomena of Uie rainbow. 




Fig. 70. 



Let Af Bf and Che three drops of rain; S Aj S Bj and S (7, three rays 
of the gun. iSAia divided into three colors j the blue and yellow are 
bent above the eye, i>, and the red enters it. 

The ray, S B^ is divided into three colors; the blue is bent above the 
eye, and the red falls below the eye, i>, J)ut the yeUow enters it 

The ray, S (7, is also divided into the three colors. The blue (which is 
bent most) enters the eye ; and the other two fall below it. Thus the 
eye sees the blue of CJ and of all drops in the position of G; the yellow 
of Bf and of all drops in the position of B; and the red of A^ and of all 
drops in the position of A ; and tiius it sees a rainbow. 

168S Whai is the occasion of the roAribow t 

The rainbow is produced by the refraction ana re- 
jkcUon of the solar rays in the drops oifaUing rain. 

1683 Whai aire (he conditions necessary in order (hat we may see a 
rainbow? 

The rainbow can be seen only when it rains, and in 
that point of the heavens which is opposite to the sun. 
It is necessary also that the sun should not have too 
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great an aUitude above the horizon. Hence, within a 
certain interval each day, no visible rainbows can be 
formed, on account of the sun's high altitude above the 
horizon. 

1684 Bno do we know thai Ihe rainbow restiUsfrom ihe deeomposiUon 
of the solar raiys by drops of toaier f 

Because in the case of cascades and water^aUsj the 
spray and the drops of moisture dispersed over the 
grass and the spider^-webs produce the samephenomena. 

1686 Does every person see the same colors Jrom ihe same drdpst 

^o ; no two persons see the same rainbow. 

To another spectator, the rajs ftxxn 8 B (Fig, 70) might be red instead 
of yellow; the ray finom 8 O, yellow; and the blue might be reflected 
firom some drop below 0, To a third person, the red may issae from a 
drop aboYe A^ and then A woold reflect the yellow, and B the blue, and 
soon. 

1686 Why are there often two rainbows at one and the same time t 

The first, or primary how^ is formed bv two refrao- 
tions of the solar raj, and one reflection^ the rays of the 
sun entering the drops at the top^ and being reflected 
to the eye vcom the iottom. 

Thus in ^. 71, the ray S A of the 
primary rainbow strikes the drop at A, 
is refracted or bent to B, the bade part 
<^ the inner sur&oe of the dr^ ; it is 
then refracted to C, the lower part of 
the drop, when it is refracted again, 
and so bent as to come directly to the 
eye of the spectator. 

The secondary, or outer bow, is pro- 
duced, on the contrary, by two refrac- 
tions and two reftecHons, the ray of 
light entering the drops from the bot- 
tom, and being reflected to the eye 
trom the top. 

Thus m J^ 73, the ray S B of the 
secondary bow strikes the bottom of 
the drop at B, is refracted to A, is then 
reflected to 0, is again reflected to D. 
when it is again refracted or bent, till 
it reaches the eye of the spectator. 

16Sr Why are Vie colors of the 
second bow aU reversed t 

Fi£. 78. Because in one bow we see 




Digitized 



by Google 



SCIENCE OF COMMON THINGS. 



259 



Colors in a Boap*babble. 



Origin of morning and evening twilight 



the rays which enter at the top of the rain-drops, 
refracted from the hottom : 

But in the oilier bow we see the rays which enter at 
the hottom of the rain-drops (after two reflections) 
refracted from the top. 

The position and formation of the primary and secondary rainbows are 
represented in Fig. 73. Thus in the formation of the primary bow, the 
ray ©f Ught S 'strikes the drop ?i at a, is refracted to n 6, thence to g^ and 
leaving the drop at this point, proceeds to the eyes of the spectator at 0. 
In the fonnation of the secondary bow, the ray S' strikes the drop p at the 
bottom at the point i, is refracted to c2, thence to/, and again to e, pro^ 
ceeding from the top of the drop, also to the eye of the spectator at 0. 

The reason why the primary bow exhibits the stronger colors is, be- 
cause the colors are seen after 07i6 reflection and two refreujtions ; but the 
colors of the secondary (or upper) rainbow undergo two reflections and 
two refractions. 
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Fiff.78. 

1688 TT*^!/ doc5 a soaip hiibble exhibit such a variety of colors t 
Because the thickness of the film through which the 
rays pass is constantly varying. 

1680 Why is a soap biibble so constantly changing its thickness t 

Because the water nms down from the top to^ the 
bottom of the bubble, till the crown becomes so thin as 
to burst. 

3 60O Whai is the cause of morning and evening twilight f 

When the sun is below the horizon, the rays which 
strike upon the atmosphere or clouds are ient down 
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towards the eaaih^ and produce a little light called twi- 

light 

1631 Whaiiaalenst 

A piece of glass or other transparent svhstance^ 
bounded on both sides by polished spherical surfaces, 
or on the one side by a spherical, and on the other by a 
plane surface. Rays of light passing through it are 
made to change their direction, ana to magnify or 
diminish the appearance of objects at a certain distance. 

1608 JBow many varieties oflenaea are generally recognisedt 

Two: con/vex saxd concave. 

ID IK 

Among convex lenses are the double convex A (Fig. 74) to which the 
appellation lens was originally applied from its resemblance to a lentil- 
seed (kna in Latin) being bounded by two convex spherical surfeces 
whose centres are on opposite sides of the lens; the plano-convex B, 
having one side bounded by a plane Burfiwje, and the other by a convex 
surface ; and the meniscus or concavo-convex C, bounded on one side by 
a concave, and on the other by a convex sur&ce. 

There are also three principal varieties of concave glasses; as the 
double concave D, bounded by two concave sur&ces, forming portions of 
spheres whose centres are on opposite sides of the lens; the plano- 
concave E, bounded on one side by a plane, and on the other by a 
concave suriace ; an^ convexo-concave F, bounded by a convex surface 
on one side, and by a concave one on the other. 

leea WhaiUafocusofUgUf 

When rays of light continually a^pproach each otheT, 
80 in moving to a point, they are said to converge^ and 
the point at which the converging rays m^et is called 
ih^jocus. 

16S4 WTuU sort of a lens is a common bum" 
ing-glasst 

A dovhle convex lens. 

Mg. 75 represents the action of a double con- 
vex lens in causing the rays of light to converge 
and meet at a focus. 
Kg, T6. 160CS W?uU are transparent bodies f 
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Opaque and transparent bodies. Absorption of light. 

Those which do not interrupt the passage of Kght, 
or which admit of other bodies being seen through 
them. 

1S9© When is a body said to be opaque f 

"When it o^nirrQlj prevents the passage of light. 

160 T Is (here any body perfectVy transparent f 

No; some light is evidently lost in passing even 
through space, and still more in traversing our atmo- 
sphere. 

1G©8 How much of the sm^s light is supposed to be intercepted by the 
cAmosphere f 

It has been calculated that the atmosphere, when the 
rays of the sun pass perpendicularly through it, inter- 
cepts from one-fifth to one-fourth of their light ; but 
when the sun is near the horizon, and the mass of air 
through which the solar rays pass is consequently 
vastly increased in thickness, only one two hundred arid 
twelfth part of their light can reach the surface of the 
earth. 

16Q9 Why is charcoal black f 

Because it absorls all the light which falls upon it, 
and reflects none. 

ITOO What becomes of Ike light which is dbsorbeSf 

This question cannot be satisfactorily answered. In 
all probability it is jpermcmenily retained within the 
substance of tne absorbing body. 

ITOl To what depth is light supposed to penetrate the ocean t 

It is calculated that sea water loses all its transpa- 
rency at the depth of seven hu/ndred and thirty feet ; 
but a dim twilight must prevail much deeper in the 
ocean, 

12 
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CHAPTER IL 

STBTTCTUBE OF THE EYE AND THE PHENOMENA OF VISION. 

170J3 Wliai is (he structure of ike human eye t 

In man the organ of vision consists of two hollow 
spheres, each about an inch in diameter, filled with 
certain transparent liquids, and deposited in cavities of 
Buitable magnitude and form in the upper part of the 
front of the head on each side the nose. 

1.703 Eow is it {hat we are enabled to move Hie eye in various directions t 

By means of muscles attached to different points of 
its surface. 




Fig 76. 

These are shown in JFHg. 76, where the external bones of the temple 
are supposed to be removed in order to render visible the muscular 
arrangements. The muscle, 1, raises the eye-lid, and is constantly in 
action while we are awake. During sleep, the muscle being in repose 
and relaxed, the eye-hd falls and protects the eye from the action of light. 
The muscle, 4, turns the eye upwards ; 6, downwards; 6, outwards; and 
a corresponding one on the inside, not seen in the figure, turns it inwards. 
No. 2 and 10 turn the eye round its axis. No. 11 is the great optic 
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Betina. Iris. PnpiL Cornea. 

nerve, which convejB the sensation to the brain. K this nerve were cut, 
notwithstanding the eye might be in other respects perfect, the sense of 
sight would be destroyed. 

1T04: Of what parts does the eye consist f 

The eye is of globular form, and is composed of three 
coats or membranes, called the sclerotic, the choroid^ 
and the retina; and three humors, denominated the 
aqueous, the crystalline, and the vitreous. 

ITOS What is meant by the ^^ retina of the eye f " 

The network which lines the hack of the eys is called 
the retina ; it is composed of an expansion of the optic 
nerve. 

170e Whai is that portion of the eye caUed which in some persons is 
UuCj in others gray or hazel t 

It is called the iris. 

1707 In (he centre of the iris is a circular black opening : whai is iMs 
cdUedf 

It is called the jnupU. ^ But this spot is not a black 
substance, but an apertv/re, which appears black only 
because the chamber within it is dark. It is properly 
speaking the vdndow of the eye, through which light 
is admitted, which strikes on tiie retina. 

1708 Does light admitted through the pvpU to the retina prodme vision f 

Yes, provided the light enter in sufficient quantity. 

17O0 Sow by {he arra/rigement of the several parts of the eye are we 
enabled to seef 

The rays of light falling upon the cornea, enter the 

interior of the eye throu^ the pnpil, and by the joint 

action of the cornea and crystaUme lens are brought to 

a focus at the back part of the eye, upon the retina. 

Here an image is formed, and the impression it makes 

is conveyed Song the optic nerve to the brain. 

, IT^O Whai. is meant by the *^ cornea of (he eye f^ 

All the outside of the visible part of the eyeball. 

Mg. 77 represents the interior construction of the eye. It is composed, 
in the first place, of the cornea, a, a transparent membrane in front of the 
globe of the eye. Next is the sclerotic coat, % which joins on the cornea, 
and upon which the external form of the eye depends. The cornea is 
united to, or fixed in, the sclerotic coat, like the glass into the case of a 
watch: d^ c represents the iris, with an opening in it, forming the pupil 
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Next in order is the aqueous humor, 6, fi, in the middle of which ia the 
iris, d, c. Behind the pupil we have the crystalline lens, / and then the 
vitreous humor, ^ filling all the interior of the ball of the eye. m indi- 
cates the retina) which is an expansion of the optic nerve, n. A; is the 
choroid coat, a membrane interposed between the retina and the sclerotic 
coat ; it terminates hi form in a series of folds or filaments, g^ called the 
dliaiy Ugamait or processes. 

1711 Why are somepersons nea/rsigTUedt 

Because the curvature of the cornea and the crystal- 
line lens is too great, and the rays of light which form 
the image are brought to a focus before they reach the 
retina or the back part of the eye. The object, there- 
fore, is not distinctly seen. 

Mg. 79 represents the manner 
in which the image is formed 
upon the retina in the perfect eye. 
The curvature of the cornea^ s s, 
and of the crystalline lens, c c, ia 
just sufficient to cause the rays 
of light proceeding from the im- 
age, e e, to converge to the right 
focus, 771, upon the retina. 

Mg. 78 represents the man- 
ner in whidi the image is formed 
in the eye of a near-sighted per- 
son. The curvature of the cor^ 
nea, s 5, and of the crystalline 
lens, c c, is so great that the im- 
age is formed at m m in advaooe 
VUr. 79. of the retina. 
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ITIS WMt sort of glasses do nea/r-sighted persons wear t 

If the cornea and crystalline lens be too convex (or 
projecting), the person must wear double concave glasses 
to counteract it. 

1T13 What is meant by "double concave glasses P 

Glasses hollowed-in on both sides. 

1714: Why are oU people far-sighted f 

Because the humors of their eyes are dried up hf age ; 
in consequence of which the cornea sinks m^ or becomes 
flattened. 

1T16 Why does the flattening of the cornea prevent persons seeing 
objects which are near f 

Because the cornea is too jlat^ and the image of ob- 
jects is not completely formed when their rays reach the 
reima ; in consequence of which the image is imper- 
fect and confused. 

Fig. 80 represents the man- 
ner in which the image is 
formed in the eye, when the 
cornea or crystalline lens is 
flattened. The perfect image 
would be produced at m tti, 
behind the retina, and, of 

course, beyond the point ne- He.80. 

cessary to secure perfect vision. 

ITIG Whai sort of spectacle-glasses are suitable for old people t 

Double-convexfflasses, or those which curve outwards 
on both sides. These shorten the focus of the eye, and 
produce an image upon the right point, the retina. 

TTV7 Why do near-sigJUed persons bring objects close to the eye in order 
to see ihemf 

Because the distance between ^^ front omd "back of 
the eye is so great^ that the image of distant objects is 
iorm^dim front of the retma; but when objects are 
brought near to the eye^ their image is thrown fa/rth&r 
haclc^ and made to fau on the retina. 

1718 Why do old people hold objects far ojfin order to see them better f 

Because the distance between the/ront amd ha/ik of 
thei/r eyes is not great enottgh ; when, however, objects 
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Use of the eyebrows and eyelashes. 

are held farther off, it compensates for this defect, and 
a perfect image is formed on the retina. 

Birds of prey are enabled to adjust their eyes so as to see objects at a 
great distance, and again those which are very near. The first is accom- 
plished by means of a muscle in the eye, which enables them to flatten 
the cornea by drawing bade the crystidline lens ; and to enable them to 
perceive distinctly very near objects, their eyes are furnished with a 
flexible bony rim, by which the cornea is thrown forward at will, and the 
eye thus rendered near-sighted. 

V710 Why do persons uiho are short-sighted in youth, gradually have 
(his failing carreded as Viey grow old t 

They are short-sighted because the cornea of the eye 
is too globular; but as age advances, the fluids are not 
secreted as before, the eye becomes floMened^ and 
natural sight is again restored. 

17SO Whai is the use of ike eyebrows f 

The eyebrows defend the eyes from too sProna a light, 
and serve to turn away subst^ces which might other- 
wise fall into the eye. 

17231 WJuU is the use of the eyelashes t 

The eyelashes guan^d the eye from danger^ and pro- 
tect it jfrom dust or insects floating or flying in the atmo- 
sphere. 

1728 Why is the eye pained hy a sudden light t 

Because the nerve of the eye is burdened witJjb rays 
before the pupil has had time to contract. 

irss Whai is (he pupil of the eye f 

The circular black opening in front of the eye. 

17S4: Why does it give us pain if a bright light is brought suddenly 
towards us at nightrtime f 

Because the jmpil of the eye dilates very much in 

the dark in order to adrmt more rays. 

When therefore a light is brought suddenly before us, the enlarged 
pupils overload the optic nerves with rays, which causes pain. 

17S6 Why can we bear the light after a few moments t 

Because the pupils contract agadn almost instantly, 
and adjust themselves to the quantity of light which 
falls upon them. 

ITSB Why 'can we see nothing when we leave a weU-UgTUed room, and 
go into the da/rker road or street? 
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Yision in the light and in darkness. Gats— how see in the dark. 

Because the pupil (which contrdcted in the bright 
room) does not dmate mstanta/rieously j and the con- 
tracted pupil is not able to collect rays enough from the 
darker road or street to enable us to see objects before us. 

ITST Eow does ligM cause the pwpU of the eye to contract t 

The pupil of ihe eye is a round hole in the midst of 
a movable muscular curtain or screen, called the iris. 
"When too much light falls on the nervous retina at the 
back of the eye, it i/rritdtes it ; and this irritation is 
conveyed to the muscular rings composing the curtain 
by small nervous fibres, causing them to contract. 

17S8 Why do we see better when we get used to the dark t 

Because the pupil dilates again, and allows more rays 
to pass through its aperture : in consequence of which 
we see more distinctly. 

1TS9 If we look at the stm for a few moTnentSj why do dU other things 
appear dark f 

Because the nerve of the eye, by looking at the sun, 
is so affected by the intensity of the light that it requires 
a few moments to recover its former sensibility. 

1730 Why can we see the proper colors of every object again after a 
few minutes f 

Because the eye again recovers its sensibility, and 
accommodates itself to the light around. 

1731 Why cam, tigers, catSy and owls see in the darkf 

Because they have the power of mLa/ravng the pmnl 
cfthei/r eyes so as to collect the scattered rays of ught ; 
m consequence of which they can see distinctly wben it 
is not light enough for us to see anything at alL 

ITSa Why is U thai when we press sUghUy upon the baU of either eys, 
while viewing an object, we see doutitef 

^QCQ,Vi&Q \hB pressy/re oi ih.^ Ji/nger prevents the ball 
of one eye from following the motion of the other, and 
the axis of vision in each eye being different, we see 
two images. 

1733 Do persons who squini see douible f 

They do ; but practice gives them power of attending 
to the sensation of only one eye at a time» 
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OMue of sqnintiiig, We see Images uid not objects tbem8elTe& 

1734 WJiat is the cause of strabismus, or squinting f 

The {nobility of one eye to follow the motions of the 
other ; this may arise from habit, imperfect power in 
one eye, or some defect in the muscular movements. 

1736 TTTiy, when the eye is vioiknQy struck or pressed upon, do weseem 
ioaeeUghtt 

Because the pressfu/re communicated to the optic 
nerve causes a violent and momentary sensation of 
light 

1736 When we say we see an object, whai do we in fact do f 

The mind is only taking cognizance of tiiej[ricPwre or 
impression made on the retina. 

1737 If the mind, in seeing an object, sees in reality only a picture 
painted on (he Inick of ihe retina, how is it enabled to judge of magnitudes, 
distances, eic^ tkepMvre being on a comparaMvely flaS surface f 

It' is only by experience. " I see men as trees walk- 
ing,'' said tne man bom blind, when restored to sight. 

IT'SS WotUd a person whose eyes, aJihough perfect, had been coveredup 
from it^aney to maturity, be oMe to seef that is, comprehend any scene or 
prospect on whidi he first opened his eyesf 

He would see the objects^ but could no more binder- 
stand thefm than a child understands the printed page 
on which it looks, although every word is clear and 
distinct. 

173Q Do we see the somt lines and surfaces of an object tdike wUheach 
eyet 

"We do not. 

We may convince ourselves that we do not, by placing two candles, for 
example, in eu.ch.Sk position, that when they are looked at with the rigJit eye^ 
one is made to cover the other ; if now we dose the right eye and look at 
them with the left, the most remote candle will be no longer scre^ied by 
the front one, but will be seen about an inch to the left of it. 

1740 Why cannot we couni th& posts of a fence when w^ are riding 
rapidly in a railroad car t 

Every impression, according to the intensity of its 
eflfects, remmns for a certain length of time on the 
retinay and a Tneasvrcible period is necessary to produce 
the impression. The light from each post falls upon 
the eye in such rapid succession, that the different 
images become contused and blended, and we do not 
obtam a distinct vision of the particular parts. 
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Why the sim and moon seem larger on the horizon than overhead. 

174:1 Why do the sun cmd moon seem larger at iheir rising omd setting 
than at any other time t 

The appearance is an illusion, in consequence of ter- 
restiial objects being placed in close comparison with, 
them at one time, and not at the other. 

17423 Is this iUttsion a/a optical one^ or a mmtal iUusion t 

A mental one, since the organs of vision do not pre- 
sent to us a larger image of the moon or sun in the 
horizon than in me zenim. 

1743 Whai do we mea/n by the horizont 

The circle or line where the earth and sky a/ppear to 
meet 

1744 WhaidoweTneoffthythetsemthf 

The point or part of the heavens wfvmediajteby over- 
head. 

1745 Is the moon nearer or fwrih^er from tis when upon (he horizon f 
When the moon is on the horizon, it is about fmir 

ihouscmd miles farther from us tlian when in the zenith ; 
its apparent diameter, therefore, instead of appearing 
larger, ought to appear about a sixtieth part less. 

1746 Why (vre we so often mistaken, in respect to the advol distance 
of a conflagraXion ai night f 

Light radiating from a centre rapidly vyeakens as the 
distance from the centre increases^ being, for instance, 
only one-fourth part as intense at double the distance. 
The eye learns to make these allowances, and by the 
clearness and intensity of the light proceeding from the 
object, judges with considerable accuracy of the com- 
parative distance. But a fire at night appears uncom- 
monly brilliant, and therefore seems near. 

1747 Why does the evening star rising over a hiRriqp appea/r as if 
situated directly over the top of the eminence f 

Because we make brightness and clearness to depend 
on contdguitj/j as it ordinarily does ; and as the star is 
bright, we unconsciously think it near us. 

1748 What is the cause of colors f 

The action of light 
1740 Sow is this proved? 

12* 
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Color tod its canae. Why are some bodies red and others white, black, &c. ? 

In the dark, bodies have no color, and in the Kght 

their colors may be altered by subjecting to certain mo- 

, difications the fight by which they are rendered visible. 

Thus a blue piece of cloth in a red light will appear red. 

1760 Why is U th4Ji we find U difficuli to distinguish cdhrs by candl&- 
Ughtf 

Because we have modified the light upon which the 
full effect of the color depends. 

1761 Whai thm is the true defirdUon of color t 

The color of a substance is the effect of light on a 
surface adapted to reflect its particular color. 

175S3 Why do sorne things reflect one (X^^ and some another t 

Because the surface of things is so differently consti- 
tiUedj both physically and chemically. 

1763 Why is a rose red t 

Because the surface of a rose absorbs the blite and 
yellow rays of light, and reflects only the red. 

1764 Why a/re some thiTigs black f 

Because they absorb aU the rays of light, and reflect 
none. 

1766 Is black a cohr f 

It is not; it is the absence of color. 

1766 Why ofre some things white t 

Because they absorb none of the rays of light, but 
reflect them all. * 

1767 Why are douds, snow^ suga/r^ and salt white f 

Because they reflect back unchanged the white Ught 
which strikes upon them. 

1768 Why a/re not the crystals of frost and snow transparent like icef 

The cr;^stals of frost and snow are not solidj bufthej 
contain air ; hence their brilliant whiteness : for the air 
preventing the ready transmission of light through the 
crystals, the rays are copiously reflectea from the mass 
of crystals. 

1759 Why is the darkness of night diminished by the presence of snow t 

Because the snow reflects, instead of absorbing, like 
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Origin of colo#ln leaves of tteeSb Wh^ 
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the bare ground, the faint light that proceeds from the 
sky. 

V7SO Why are the leaves of plants green f 

Because a pecuKar chemical principle, called chloro- 
phyl, is formed within their cells, which has tibie property 
of absorbing the red rays, and of reflecting the blue and 
yellow, which mixture produces green. 

V7&1. Why are leaves a Ught green in spring f 

Because the chlorophyl is not fuUy formed. 

170S Why do leaves turn Jyrown in a/fdv/mn f 

Because the chlorophyl imdergoes decay^ and is not 
replaced- as it is in spring. 

17G3 Why do aXL lyings appear black in ihe dark f 

In the dark there is no color, because there is no light 
to be absorbed or reflected, and therefore none to be 
decomposed. 

Of course, in certain degrees of darkness, all objects are actually wm;^ 
sible. The question refers to that pecuUar degree of darkness when th© 
forms of objects may be seen, but not their hties, 

17Q4: Why does the sky appear hhe f 

Because iho atmosphere ahsoris the red and yeUov) 
rays, and transmits the Hue. 
V7Q5 Why does the sun most generally fade artificial colors f 
Generally the loss of color arises from the oxidation 
of the substances used in dyeing ; as tarnish and rust are 
an oxidation of metals. Sometimes, however, the 
ingredients of the dye are otherwise decomposed by the 
sun ; and the color (which is due to a combination of 
ingredients) undergoes a change as soon as the sun 
deranges or destroys that combination. 

ITSS What remarkable cort'espondmce is there between ihe geographical 
position of a region, and the colors of its plants and animals t 

In the tropics, where the sun shines longest and 
hrightest, the da/rhest green prevails over the leaves of 
plants, the flowers and fruits arc colored hrightly, and 
the plumage of the birds is of the richest description. 

1767 What is the natural coloration exhibited in temperate climates t 

. ' In temperate climates everything is of a more sulh 
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Colon in diiEBrent regions of the Mrtb. ClRitrasts of eolors. 

dued variet/u / the flowers are less Iriakt / the prevail- 
inff tint of me birds is 'brawn; and the dresses of die 
inhabitants are eombre. 

ITSS Bow is this correspondence Jwiher exemplified in (he Arctic and 
Antarctic regions f 

Here there is Utde color in natural objects ; the few 
flowers are white or yeUow ; and the animals are almost 
nniformly hlack or white. 

1.760 Jn whaipa/ri offke ocean do we find the hrigTUest sheUs and sear 
weeds f 

Near the shore, in shallow water, where the influence 
of Ugh6 is greatest 

X770 Whai fishes are distinguished fiyr {he "brilliancy ofUidr colors f 

Those that swmi near the sv/rface; whereas those 
which live at greater depths are gray, brown, and black. 

XTTX Whai is (he appea/ra/nce of (he seorweeds and animals fhai live ai 
great depths of the ocean f 

They are nearly colorless. 

1*77S Why is grass growing wider a coveriTig of a white or yellowish 
white color f 

."^^rBecause it is secluded from the ligM, whose presence 
and action is necessary for the production of the material 
which imparts to it its green color. 

1773 Of (he famous rays composing sola/r ligJUf which are Vie most 
visible to the human eye t 

The yellow. 

1774 Which have (he greatest heating effect t 

The faint red rays. 

1775 Why does a dress composed of cloths of different colors^ hoh well 
wmch kmgery aUhough wom^ ihcm one of only a single color ^ the character of 
the doth m both instances being identical f 

It is owing to the effect of contrast between the 
colors. K a oress is composed of cloths of two colors, 
as red and green, orange and blue, yellow and violet, 
they will mutually heighten the effect of each, and make 
eacn portion appear to the best advantage. 

IT^B Why wiU stains be less visible on a dress of different colors^ than 
on one composed of only a single color f 

Because there exists in general a greater conirasi 
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among the various parts of the first-named dress, than 
between the stain and the adjacent part, and this differ- 
ence renders the stain less apparent to the eye. 

1777 Why can a coat, waistcoat^ and panta of the same color he wpm 
with advantage together only when they are new t 

Because as soon as one of them loses its freshness 
from having been worn longer than the others, the 
difference mU increase by contrast 

1*7*78 Cfive an iUustraiwn, 

A pair of new black pants, worn with a vest of the 
same color, which is old and rusty, will make the tinge 
of the latter appear more conspicuous, and at the same 
time the black of the pants wiU appear more brilliant. 
White and other light^colored trowsers would produce 
a contrary effect. 

1.T7Q What is (he gemsrcX law upon which (he harmony of cokrB 
d^endst 

Every color when placed beside another color is 
chan^edj appearing d'^erent from what it really is: 
and it moreover equally modifies the color with whici 
it is in proximity. 

1780 What effect has rose-red upon a rosy complexion f 
It causes it to lose some of iis/reskness. 

1781 Forfavr campleonons, deficient in rose, which color is most favor- 
dikf 

A delicate green. 

178J3 What effect has Uack drapery upon (he color of the skin t 

It makes it appear whiter. 

1783 Wh/xt rude should he observed in the grouping of flowers and the 
preparation of houquets f 

We must separate pink flowers from those that are 
either scarlet or crimson ; orange, from orange yellow 
flowers ; yeUow flowers from greenish-yellow flowers ; 
blue from violetrblue, red from orange, pink from violet ; 
blue flowers from violet flowers. 

1784 What is the optical effect of dark colors and hlack upon the size 
ofthefigva-el 
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It causes it to appear rnnaUer ; therefore these colors 
are most suitable tor stout persons. 

3.786 Whai tffed do white and lighi-colored dresses have upon (he size 
ojlhefigwref 

T?hey cause it to appear larger, 

178© H^;fea<6^«rfd£)&wvepatter»wtnd7ies»7nafef 

They make the figure look shorter, 

1T87 WhaX is (he effect of narrow longitudinal staripes in dress f 

They add to the apparent height pf the figure. 

1788 What is the effect cf horizontal stripes f 

The effect of horizontal stripes is opposed to that of 
longitudinal, and under every condition they are tm- 
graceful. 

178© WJiai colors are most conspicuous in batUe t 

It has been found by numerous observations that red 
is the most fatal color, and the least fatal is a Ught grey. 

17©0 What curious provision for the protection of animals does nature 
appear to maJcet 

She appears to have adapted the color of the creature 
to its haunts in such a way as tends to preserve it jfrom 
injury. Caterpillars and insects which feed on leaves 
are generally of the color of the leaves. As long as 
they remain still, it is almost impossible to distinguish 
the grasshopper from the herbage on which it rests. 

17Q1 What curious change is noticed in the cdUyr of animals inhabiting 
the Arctic regions f 

During the snows of winter, foxes, hares, and some 
varieties of birds are white ; when the ground is free 
from snow in summer, they are of a hmon color. 
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PART vm. 

ELECTRICITY, GALVANISM, MAGNETISM, AND 
ELECTRO-MAGNETISM. 



CHAPTEE I. 



ELEOTEIOriT. 



170S3 WhaJtiadectncUyf 

Electricity is one of those irrmondeToble ag&nta that 
appear to be diffused through atl natfwre^ existing in all 
suDstances without affecting their volume or their tem- 
perature, or givin g an y indication of its presence when 
m a latent state. When, however, it is liberated from 
this repose, it is capable of producing the most sudden 
and deaimictwe ^ecta^ or of exerting powerful influences 
by a quiet and bng-continued action. 

1793 How may dedricUy be called into activity t 

By mechamcal power j by chemical action, by heat, 
and by magnetic i/njl/uence. 

1704: What is the most ordinary way of exciting eleciricity f 

IBj friction. 

17SS Do we know any reason why ihe meam above enumerated shoM 
develope electricity from its latent condition f 

We are enti/rdy ignorant upon this subject. 

170S When you nib apiece of paper with India-rubber^ why does it 
adhere to (he table t 

Because Hie/rMon of the India-rubber against the 
surface of the paper developes electricity , to which this 
adhesiveness is mainly to be attributed. 

1707 Does electricity present any appearance by which it can be hrwwn t 

N9 ; electricity, like heat, is in itself invisible, though 
often accompanied by both Ught and heat. 
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1708 When a substance^ by friction or by any other meanSf acquires 
(he property ofaUrading other bodies^ in whai state is it said tobef 

It is said to be dectrijiedj or dectHcaUv excited ; and 
its motion towards other bodies, or of otner bodies to- 
wards it, is ascribed to a force called electric attraction. 

V700 Does an electrified body exercise any other influence than an 
aUradim one t 

It does; for it will be found that light substances, 
after tmiching the electrified body, will recede from it 
just as actively as theyiipproacned it before contact. 
This is termed electric repmdon. 

Thus, if we take a diy glass rod, nib it 
well with silk, and present it to a light pith 
ball, or feather, suspended from a support 
by a silk thread, the ball or feather will be 
attracted towards the glass, as seen at G, 
Fig. 81. After it has adhered to it a mo- 
ment, it will fly off, or be repelled, as P' from 
G'. The same will happen if sealing-wax 
be rubbed with dry flannel, and a like' ex- 
Fig. 8L periment made ; but with this remarkable 
difference, that when the glass repels the 
ball, the sealing-wax attracts it, and when the wax repels, the glass will 
attract. These phenomena are examples of ekct/ricaJ, attraction and 
repulsion. 

1800 Wliat is a nm-electrified body t 

One that holds its own natural quantity of electricity 
undisturbed. 

1801 What happens when an electrified body touches one that is nonr 




The electricity contained in the former is transferred 
in part to the latter. 

Thus, on touching the end of a suspended silk-thread with a piece of 
excited wax, the siBc will be excited, as will be shown by its moving 
towards a book, piece of metal, or any other object placed near it 

180S Bo all bodies conduct or dUow electricity to pass through them 
equaUy weUf 

Although there is no substance that can entirely pre- 
vent the passage of electricity, nor any that does not 
oppose some resistance to its passage, yet it moves with 
a much greater facility through a certain class of sub- 
stanceft than through others. Those substances which 
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GondactoTS and non-condnctors of electricity. 



Electrical machines. 



facilitate. its passage are called conductors ; those that 
retard or almost prevent it, are called non-conductors. 

1803 Whai substances are good condttctors of electricity f 

The metals, charcoal^ the earth, water, and most fluids, 
except oils, the Kumars hody, etc., are good conductors. 

1804: What stibstances obstruct the passage of electricity, or are " noiv- 
conductors^'* 

Glass, resin, oil, silk, svlphv/r, dry air, etc., etc., are 
non-conductors. 

X805 What is an electrical machine f 

An electrical machine is an arrangement by which 
quantities of electricity can be collected and discharged. 

The electrical machine most usu- 
ally employed consists of a large 
circular plate of glass, see Mg. 82, 
mounted upon a metalhc axis, and 
supported upon pillars fixed to a 
secure base, so that the plate can, 
by means of a handle, w, be turned 
with* ease. Upon the supports 
of the glass, and fixed so as to 
press easily but uniformly on the 
plate, are four rubbers, marked r r 
rr in the figure ; and flaps of silk, 
s 8, oiled on one side, are attached 
to these, and secured to fixed sup* 
ports by several silk cords. When 
the machine is put in motion, these 
flaps of silk are drawn tightly 
against the glass, and thus the 
fiiction is increased, and electricity 
excited. The points p p collect 
the electricity fi'om the glass, and 
convey it to the conductor, c, which is sup- 
ported by the glass rod g. 

Mg. 83 represents another form of an 
electrical machme, constructed on similar 
principles. S being a glass cylinder turn- 
ing on an axis, T the conductor, F the 
rubber, A A supports. 



ISOe WTiat is the theory of electricity 
most generally adopted f 

The theory proposed by Dr. 
Franklin : this supposes the ex- 
ifitence of a single, vnvponderdble 
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Podttye and negattye electricity. Telocity of electricity-. 

Jluid, equally distributed throughout nature: every 
substance being so constituted as to retain a certain 
quantity of this agent. Any disturbance of the natural 
state of a body produces evidences of electricity. 

1807 Does electricity seem to exist in two different states or conditionst 

It does ; and to designate these two conditions, the 
terms positive and negative have been employed. Thus 
a body which has an overplus of electricity is called posi- 
tive, and one that has less than its natural quantity is 
called negative. 

1808 Do Ughi, Tieai, and electricity appear to have some properties in 
convnwn^ 

They do ; each may be made, under certain circum- 
stances, to prod/ace or excite the other. All are so li^ht, 
subtle, and^diflFusive, that it has been found impossible 
to recognise in them the ordinary characteristics of 
matter. Some suppose that light, heat, and electricity 
are all modijicationa of some common principle. 

180Q W hy does thefu/r of a ccU sparkle and crackle when rubbed vrith 
the hand in cold weather t 

Because the friction between the hand and fur pro- 
duces an excitation of positive electHdty in the Kcmd 
and negative in the /*^r, and an interchange of tie two 
causes a spark, with a slight noise. 

1810 Why does this eoepervment work best in very cold weaOi/erf 

Because the air is then very dry^ and does not convey 
a/way the electricity as fast as it is excited ; if the air, 
on tne contrary, were moist^ the electricity would be 
conducted off nearly as fast as it was excited by friction, 
and its effects would not therefore be so manifest. 

1811 WiQi what vdocUy is electricity transmitted through good conduc- 
tors? 

With a velocity so great that the most rapid motion 
produced by art appears to be actual rest when com- 
pared to it. Some authorities have estimated that elec- 
tricity will pass through copper wire at the rate of tvjo 
htmdred and eighty-eight thousand miles in a second 
of time — a velocity greater than ihat of light The 
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results obtained, however, by the United States Coast 
Survey, with iron wire, show a velocity of from 15,000 
to 20,000 miles per second. 

ISlS WJuU agents are uncUmbiecUy the most active in producing and 
eoDciting electricity in the operations of nature t 

The liffht and the sim^s rays. 

1813 It has become the habit with many to ascribe to electricity the 
agency of pheTumiena in the naiurdl world, the cause of which may not be 
appareni : is there any reason for this f 

There certainly is not : electricity is diffused ihrougli 
all matter^ and is ever active, and many of its pheno- 
mena cannot be satisfactorily explained ; but it is go- 
verned, like all other forces of nature, by certain fixed 
laws, and it is by no means a necessary agent in all the 
operations of nature. 

It argues great ignorance to refer without examination every mysteri- 
ous phenomenon to the influence of electricity. 

1814 Bo some animals have the power of eosdting electricity within 
themselves f 

There are certain animals which are gifted with the 
extraordinary power oiproSamig electrical jphenomena 
by an effort of muscular or nervous energy. Among 
these the electrical eel and the torpedo are most re- 
markable. 

1815 Eofw powerful a charge of electricity can the eiectricdl eel send 
forth when in fOl vigor f 

Sufficient to knock down a man or stu/n a horse. 

1818 Is the eHeciridty generated by these animals the same as that occa- 
sioned by the ordinary electrical machine f 

It is the samey and produces the same effects. 

181T Do vital action and muscvla/r mmefftvemis in man and animals 
give rise to electricity f 

They do ; and it can be shown by direct e3j)eriment 
' that a person cannot even contract the musdes of the 
a/rm without exciting an electrical action. 

1818 Boes change of form or stale in bodies generally produce electrical 
excitation t 

Change of form or state is one of the most jpowcTful 
methods of exciting electricity. 
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Ligfataing. Three forms of lightning. 



Water, in passing into steam hy artificial heat, or in evaporating hy the 
action of the sun or wind, generates large quantities of electricity. The 
crystallization of solids from liquids, aU. changes of temperature, tlie 
growth and decay of vegetables, are also instrumental in producing elec- 
trical phenomena. 

181Q WhaiisligMningf 

Lightning is accurrmlated electricity^ generally dis- 
charged from the clouds to the earth, but sometimes 
from the earth to the clouds. 



18J30 What causes (he discharge of an electric doud t 

charged 



"When a cloud overcharged with electric fluid ap- 
proaches another which is undercharged^ the fluid 
rushes from the former into the latter^ till both contain 
the same qucmtity. 

1881 h tliere any other cause of lightning besides ihe one just mentr 
Uonedf 

Yes ; sometimes moxmtains, trees, and steeples will 
discharge the lightning fix)m a cloud floating near, and 
sometimes electric fluid passes from the earth into the 
clouds. 

1888 How high are the lightning clouds from (he earth f 

Sometimes they are eleysited four orji/oe miles high^ 
and sometimes actually touch the earth with one of 
their edges ; but they are rarely discharged in a thun- 
der storm when they are more than seven hundred 
yards above the surface of the earth. 

1883 What is a thunder storm f 

The dislmrba/nce caused in the ai/r when successive 
discharges of accxmiulated electricity take place. 

1884 Inia haw many kinds has lighfmng leen divided t 

Three. 

1886 Whaiaretheiy^ 

The zig-zag UghMing^ sheet lightavng^ and hall lightr 
ning, 

1886 Why is Ughtmng sometimes forked f 

Because the lightning cloud is at a great distance j 
and the resistance of the air is so great that the electn- 
cal current is diverted into a zig-zag course. 
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Sheet md heat lightning. Bnration of a flash of lightning. 

IBS'? How does the resistcmce of Ihe air make the Ughtning zig-zag t 

As the lightninff condenses the air in the immediate 
advance of its patn, it flies from side to side, in order 
to pass where there is the least resistance. 

1888 Why is (he flash sometimes quite straight f 

Because the Kghtning cloud is near the earth, and as 
the flash meets with very little resistance, it is not 
diverted ; in other words, the flash is straight. 

±&QO What is sheet lightning f 

Either the reflection of distant flashes not distinctly 
visible or beneath the horizon, or else several Jlashes 
mtermingled. 

1830 WJiat other form does lighlmng occasiondUy assume f 

Sometimes the flash is globtda/r^ which is the most 
dangerous form of lightning. 

1831 Does a discharge produce a flash when it passes Hirough good 
conductors f 

It does not^ but passes quietly and invisibly. 

1835 Whai is heai lightning f 

Sometimes it is the reflection in the atmosphere of 
the lightnings of storms very remote^ the storms them- 
selves beingso far distant that their thunders cannot 
be heard, xhis phenomenon is also occasioned by the 
play of silent flashes of electricity between the earth 
and the clouds, the amount of electricity developed not 
being sufficient to produce any other effects than the 
mere flash of light. 

1883 Why is lightning more common in svmmer and in avivmn than 
in spring and unnter f 

Because the heat of surmner and autumn produces 
great eva^poratio7i^ and the conversion of water into 
vapor always developes electricity. 

1834 Bow long is the duration of a flash of lightning f 

Arago has demonstrated that it does not exceed the 
millionth paH qfa second. 

1836 With what velocity is lightning^ or ffte dectric fluid which gives 
rise to its a^i^pearance, supposed to move f 
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Places dangerotiB in a thunder storm. How a tree inflaenoet lightning. 

Not less than two hwndred and fifty ihxmsand miles 
per second, 

X836 Why does ligldning sometimes kill rnen and beasts f 

Because, when the electi'ic current passes through a 
man or beast, it produces so violent an action upon the 
nervous system^ mat it destroys life. 

IBS'? When is a person struck dead by lightning f 

Only when his body forms a part of the lightning's 
path / that is, when tne electric fluid (in its way to tiie 
earth) actually passes through his iody, 

1838 Whoi places are fnost dangerous during a thunder storm f 

It is very dangerous to be near a tree or lofty hdldmg, 

1830 Why is it dangerous to he near a tree or lofty buUding during a 
thunder storm f 

Because a tall, pointed object (like a tree or spire) 
will frequently discharge a lightning cloud ; and it any 
one were standing near, the lightning might diverge 
from the tree and pass through the fluids of the human 
body. 

1840 Edw can a tree or spire discJiarge a lightning cUyud t 

A lightning cloud, floating over apladnj may be too 
fa/r of to be discharged by it ; but as a tree or spire 
would shorten this distance, it might no longer be too 
far off to be discharged. 

For example: If a lightning-doud were seven hundred yards above the 
earth, it might be too fair off ix> he discharged ; but a tree or spire fifty 
yards high would make the doud only six hundred and fifty yards off a 
conductor j in consequence of which the doud might be instantly dis- 
charged. 

1841 What parts of a dwelling are most dangerous during a thunder- 
storm f 

The fireplace (especially if the fire be lighted). It is 
also imprudent to sit close by the waUs. 

184:3 Why is it dangerous to sit before afire during a thunder storm f 

Because the heated air and soot are conductors of 
lightning, especially when connected with such excel- 
lent conductors as the stove, grate, or fire-irons. 

1843 Why is it dangerous to lean against a waU during a Uiunder 
stormt 
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Safest places in a thander storm. 

Because the electric fluid will sometimes run down 
a wall^ and (as the body of a person is a better conduc- 
tor than a wall) would leave the wall and run down the 
body. 

184:-4: Why is it dangerous to he in a crowd during a thunder storm f 

For two reasons : 1. Because a mdss of people forms 
a better conductor than an individual ; and 

2. Because the vc^or arising from a crowd increases 
its conducting power. 

184S Why is the dcmger increased by the vapor which rises from a 
crowd? 

Because vapor is a conductor, and the more conduc- 
tors there are, the greater the danger will be. 

±&^0 If a person he abroad in a thunder stomij what place is Hie 
safest f 

Any place about twenty or thirty feet from a tall 
trcCj building, or stream of water. 

1847 Why wovM it he safe to stand twenty or thirty feet from a tail 
tree during a thtmder storm f 

Because the lightning generally chooses tall trees as 
conductors, and we should not bo sufficiently near tlie 
trees for the lightning to diverge from them' to us. 

1848 Why is the middle of a room mare safe than any other part of 
ii in a thunder storm f 

Because the lightning (if it should stidke the room at 

all) would come down tne chimney or walls of the room ; 

and therefore the farther distant from these, the better. 

184:d Why is a m/xttress^ hed^ or hearih-rug a good security against 
injury from lightning f 

Because they are all non-conductors ; and as lightning 
always makes choice of the best conductors, it would not 
choose for its path such things as these. 

I860 WTiat is the safest thing a person can do to avoid injury from 
lightning f 

Lie upon a bed in the middle of a room. A bed filled 
'With feathers is an excellent non-conductor. 

1851 Is there not generally a greater apprehension of the danger from 
lightning than experience would justify 7 

He apprehension and solicitude respecting lightning 
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TJghtning ooDduetOTS. Their proper prbidple of oonstmctioiL 

are proportionate to the magnitude of the evils it pro- 
duces, rather than the frequency of its occurrence. The 
chances of an individual being killed by lightning are 
injmitdy less than those which he encounters in his 
daily walks^ in his oecupatioriy or even during his sleep 
from the destruction of the house in which ne lodges 
by fire. 

1868 Why does the ligTUning in its cawrse down a huHdvng generally 
dart from point to point, <md notfoUow a direct path f 

Because it always takes in its course the best conduo- 
tors ; and will fly both right and left in order to reach 
them. 

18S3 What is a Ughlning conductor t 

A metal rod fixed in the earth, running up the whole 
height of a building, and rising in a point above it 

1864 WJiot metai is best for this purpose f 

Copper makes the best conductor. 

1866 WlwA is {he use of a Ughining conductor f 

As metal is a most excellent conductor, lightning 
(which makes choice of the best conductors) will run 
down a metoH rod rather than the walls of the building. 

1868 Wh/y should ligTUning condtictors be pointed t 

Because points conduct electricity away sUenUy and 
impercepiMy. 

Blades of grass, ears of com, and other pointed objects serve to with- 
draw electricity firom the douds. 

186'7 Edw far wiU the benefidcd influence of a lighining conductor 
eoctefndf 

It will protect a space all round four times the length 
of that part of the rod which rises above the building. 
1868 Cfive me (m example. 

If the rod rises two feet above the house, it will pro- 
tect tiie building for (at least) eight feet all round. 

1868 Ebuj can lightning conductors be productive of harm f 

If the rod be broken^ the electi'ic fluid (being obstruct- 
ed in its path) will enter the building. 

1880 Is there any other evU to be apprehended from a Ughtning rod? 

Yes ; if the rod be not large enough to conduct the 
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Fraaklin^s experiment w ith a kite. Identity of Hglitning and electricity. 

whole current to the earth, the lightning will fuse the 
metal and enter the building. 

18S1 B\i whom was the identity of Ughtning and electricUy first esta- 
blished f 

By Dr. Fr.amMiny at Philadelphia, in 1752. 

The maimer jp which this fact was demonstrated, was as follows: 
Having made a kite of a large silk handkerchief stretched upon a frame, 
and placed upon it a pointed iron wire connected with the string, he raised 
it upon the approach of a thunder storm. A key was attached to the 
lower end of the hempen string holding the kite, and to this one end of a 
silk ribbon was tied, the other end being fastened to a post. The kite 
was now insulated, and the experimenter for a considerable time awaited 
the result with great solicitude. Fkially, indications of electricity began 
to appear on the string; and on Franklin presenting his knuckles to the 
key, he raised an electric spark. The rain beginning to descend, wet the 
stnng, increased its conducting power, and vivid sparks in great abun- 
dance flashed from the key. 

186S Why was the kite insvlaied when FrankMn fastened the key to the 
post with a silk ribbon f 

Because the silk was a non-conduetor^ and would not 
allow the electricity received upon the kite to pass off 
by means of the string to the ground. 

18S3 Was this experim^ent one of great danger and risk f 
It was ; because the whole amount of electricity con- 
tained in the thunder cloud was liable to pctss from it, 
by means of the string, to the earth, notwithstanding 
the use of the silk insulator. 

1834 If a lightning rod is made of iron, how large sJwuU itbef 
Not less than ihree-qua/rtera of an inch in diameter. 

1885 In what mannjer shovM the rod he erected f 

The rod should be continuous from the top to the hot- 

tor)i^ and an entire metallic communication should exist 

throughout its whole length. 

This law is violated when the joints of the several parts that form the 
conductor are imperfect and when the whole is loosely put together. 

1886 H(m sTwiM the conductor he fastened to the huHding f 

By wooden mpports. 

If there are masses of metal about the building, as gutters, pipes, etc., 
these should be connected with the rod by strips of metal ; for unless this 
is done the lightning may pass from the rod to the metal, and enter the 
building. 

13 
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UtUStj ofligbtnlng-roda. What is thunder? " 

18©7 How should the lower end of the rod be arranged f 

It should be divided into two or three hranches^ and 
turned from the building. 

The end of the rod ought to extend so &r below the surface of the 
ground as to reach earth that is pennanently damp. 

1868 Why is ii a good plan io bury the end of the rod in powdered 
charcoalf 

Because it preserves the iron from rust^ and facUir 
totes the passage of the electricity. 

1869 Edve we any proof of (he utility of lightning rods f 

The experience of a hundred years has shown that 
when all the necessary rvles have been observed^ the 
protection is perfect, as far as human eflfbrt can avail. 

18*70 Is a building more or less liable to be struck when furnished with 
a good lightning conductor t 

Lightning conductors do not^ as many suppose, attract 
the lightning towards the building on which they are 
situated ; they eimplv direct its course^ and faciLitcvte 
the passage of the fiuid in the most direct way to the 
earthy only when a discharge must inevitably occur. 
There is no attraction, but the lightning takes the road 
which offers the least resistance. 

187^ Are Ughtnmg conductors protective when even no visible discharge 
takes placet 

They are; they possess a very great preoentive 
power^ and gradually and silentlv disarm the clouds by 
conducting the electricity from tnem ; and this process 
commences as soon as the cloud has approached a posi- 
tion vertically over the rod. 

187S Whai is thunder f 

It is a certain ndse proceeding apparently from the 
clouds, which usually follows, after a greater or less 
interval, the appearance of a flash of lightning. 

1873 How is it supposed to be occasioned t 

The usual explanation offered is a sudden, dispUtce- 
ment of the air produced by the electrical discharges in 
which the lightning is evolved. 

others have supposed that the passa^ of the electric current creates a 
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What ocoasioiis the rolling of thunder f Aurora-borealis. 

vacuum, and that the air rushing in to fill it produces the sound. Any 
explanation that has yet been offered is not altogether satisfactory. 

1874 What occasions the rolling of the thunder t 

It has been ascribed to the eff^eet of echo ; but the 
true cause probably is, that the sound is developed by 
the lightning in passing through the air, and conse- 
quently separate sounds are produced at every point 
tnrough which the lightning passes. 

1875 Why is thunder sometimes one vast crash T 

Because the lightning cloud is near the earth ; and 
as all the vibrations of the air (on which sound depends) 
reach the ear at th^ same moment^ they seem like one 
vast sound. 

187Q Why is the Sunder generally heard several moments after the 
flasht 

Because it has a long dista/nce to travel. Lightning 
travels nearly a miUion times faster than thunder ; it, 
therefore, the thunder has a great distance to come^ it 
will not reach the earth till a considerable time after 
iheflash. 

1.&T7 Can wenottdUhe distance of a thunder doud by observing the 
interval whichda^psea between the flash and the peal f 

Yes ; the flash is instantaneous, but the thunder will 
take a whole second of time to travel three hundred and 
eightv yards ; hence, if the flash be five seconds before 
thunder, the cloud is nineteen hundred yards off. 

I e. 380 X 6=1900 yards. 

1878 What is Gie amvra boreaMs or northern lighls f 

iMmvMms a^ppearam^es seen in the shy at jiight-tmie. 
Sometimes stre^ of blue, purple, green, red, etc., and 
sometimes flashes of light, are seen. 

1870 Whai is the cause of the aurora borealis or northern lights f 
^Electricity in the higher re^ons of the atmosphere 

is undoubteoly an active agent m producing this pneno- 

menon. 

1880 Is the aurora ever seen in other parts of the heavens than towards 
the north? 

In the northern hemisphere it always appears in the 
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Extent of tho anrora. Height of the anrora. Appearance. 

norths but in the southern hemisphere it appeal's in the 
south : it seems to originate at or near the poles of the 
eaHh^ and is consequently seen in its greatest perfection 
within the arctic and antarctic circles. 

3.881 WhaX is known concerning Vie extent of the aurora f 

It is not localy but it is seen simultaneously at places 
widely remote from each other, as in Europe and 
America, 

18829 What calculations have been made respedinff the height of the 
tfuroraf 

The height of the appearances varies from one to two 
himd/red miles; they sometimes appear within the 
region of the clouds, and very near to the earth. 

1883 Do the auroras appear ai any particular seasons and times f 

They appear more frequently in the winter than in 
the summer, and are only seen at night. 




Fi2. 84. 



The accompanying figure represents one of the most beautiftd of tho 
auroral phenomena. 

1884 Do they also occur in the day-iiTne f 

Tlie aurora is known to qfect the magnetic needle and 
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Aurorarborealis occurs in the day-time. What is galyanism f 

the telegraph ; and as the effects upon these instruments 
are noticea by day as well as by night, there can be no 
doubt of the occurrence of the aurora at all hours. The 
intense light of the sun renders the auroral light in- 
visible during the day. 

188S Of what utUUy are the auroral a^ppearaiMxs in Ihe polar regions t 

During the long polar night, when the sun is absent, 

the aurora appears with a magnijBcence unknown in 

other regions, and affords light sufficient for many of 

the ordjina/ry out-door em/ployments* 



CHAPTER II. 

GALVANISM. 



1886 What is galvanism f 

It is the production of dectrical disi/arba/nce hy chermr 
ccH action. 

1887 What is ihe most simple manner of illustraiing (he production of 
this electricity f 

If we place a piece of silver on the tongue, and a 

piece of zmc underneath it, no effect will be produced 

as long as the two metals are kept asunder ; but when 

their ends are brought together, a distinct thrill will 

pass through the tongue, a metallic taste will diffuse 

itself, and, if the eyes are closed, a sensation of light 

will be evident at the same moment. 

1888 To whal is this resuU owing f 

To a chemical action developed the moment the two 
metals touched each other. 

The saliva of the tongue oxidizes a portion of the zinc^ which excites 
dectriciiy^ for no chemical action ever takes place without producing elec- 
tricity. Upon bringing the ends of the two metals together, a slight 
current passes from one to the other. 

1880 By whom toas the production of galvanic electricity first noticed f 
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By Galvanic professor of anatomy at Bologna, Italy, 
in 1790. 

Having occasion to dissect several frogs, he hung up their hind legs on 
some copper hooks^ until he might find it necessary to use them for illus- 
tration. In this manner he happened to suspend a number of the copper 
hooks on an iron balcony, when, to his great astonishment^ the limbs were 
thro^Ti into violent convulsions. 

1890 On investigating the plienomena what did Gdlvani discover t 

He found that whenever the nerves of a frog's leg 
were touched by one metal and the muscles by another, 
convulsions took place on bringing the two diflferent 
metals in contact 




Fig. 85. 

This is explained by reference to Rg. 85, which represents a frog's legs, 
the upper part dissected m such a way as to exhibit the nerves of the legn, 
and a portion of the spinal marrow. If we now take two thin pieces of cop- 
per and zinc, c z, and place one under the nerves, and the other in contact 
with the muscles of the leg, we shall find that so long as the two pieces 
of metal are separated, so long will the limbs remain motionless, but by 
making a connection, instantly the whole lower extremities will be thrown 
into violent convulsions, quivering and stretching themselves in a manner 
too singular to describe. If the wire is kept closely in contact, these 
phenomena are of momentary duration, but are renewed every time tha 
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contact is made and broken. Here, then, we have distinct evidence of 
the presence of free electricity, developed apparently by shnple contact 

18Q1 What is the simplest way of exciting a currefkt of galvanic elec- 
tricity f 

By arranging a series of metal j)lates i/n a 
pile, placing them in pairs, with a wet cloth 
Between ihem, it being necessary that one 
of each pair should be more easily oxidized 
than the other. The simple contact of these 
plates will produce a feeble and continued 
galvanic current. 

Mg. 86 represents an arrangement of this character. 

3.80i3 What is such am. arrofngefm&nJL of plates for pro- 
ducing electrical currents caUed f 

A gahanic or voltaic lattery. 

1&Q3 Why a/re the terms "galvanic^ and "voUaic^ 
applied T" 

They oririnated in honor of Galva/ni and 
Voltaj the Italian philosophers who first de- ^^-^ 
veloped these phenomena of chemical ekctricity, and 
the means of producing them. 

18Q4: Are ihere many metals or other substances which^ when "brought 
together J are capable of producing galvanic action f 

The number is qwite la/rge; among them we may 
enumerate tiie following: zinc^ lead^ tin^ omMmony^ 
iron^ lyrass^ copper^ silver^ gold^ jplaAvmmiy hkbck lead or 
graphite^ and charcoal. 

1896 Win any two of these brought together produce a galvanic current t 

. They will: but they possess the power in dAfferent 
degrees ; ana the more remote they stand from each 
other in the order above given, the more decidedly will 
the chemical electricity be developed. 

Thus zinc and lead will produce a voltaic battery, but it will be much 
less active than zinc and iron, or the same metal and copper, and this last 
less active than zinc and platmum, or zinc and charcoal. 

1806 Dots galvanic or voUaic electricity appear to consist of two kinds, 
positive and negative, as in ordinary electricity t 

It does; positive electricity always &ow^ from the 
metaZ which is acted vmon most powerfully, and nega- 
tive electricity ^rcwi the other. 
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Poles of A battery. Means by which galTanic-electridty In qnantity can be developed. 
18Q7 WTiat do we mean when we speak of a galvanic circuit f 

The connection of the two metals in the battery, so 
that the positive and negative electricities can meetj 
andjUyiJO tn opposite directions. 

1808 At what point in (he circuit wiU the manifestaUons of electricity 
he most apparent f 

At the point where the two currents meet. 

180Q What is meant by the poles of (he battery f 

The two metals forming the elements of the battery- 
are generally connected by copper wires ; the ends of 
these wires, or the terminal povnts of any other connect- 
ing medium used, are called the poles of the battery. 

Thus, when zinc and copper poles are used, the end of the wire con- 
veying positive electricity from the zinc would be the positive pole, and 
the end of the wire conveying negative electricity from the copper plate 
would be the negative pole. Faraday describes the poles of the battery 
as the doors by which electricity enters into or passes out of the substance 
suffering decomposition. 

A veiy simple, and at the same time an active, galvanic circuit may be 
formed by an arrangement as re- 
presented in Mg: 87. C and Z are 
thin plates of copper and zinc im- 
mersed in a glass vessel containing 
a very weak solution of sulphuric 
acid and water. Metallic contact 
is made by means of the wires, X 
and W, soldered to the plates, the 
poles intersecting at T. The cur- 
rent of positive electricity, when 
the circuit is dosed, passes from 
the zinc, through the liquid, to the 
copper, and fit)m the copper, along 
the conducting wires, to the zinc, 
as indicated by the arrows in the 
figure. A current of negative elec- 
tricity traverses the circuit also, 
from the copper to the zinc, in a 
direction precisely reversed. 

1900 By what chemical action can the greatest abundance of galvanic 
electricity be developed t 

By the oxidation of metaUic zinc by weak sulphuric 
acid. 

IQOl Tlie ekctricity developed by the a/^ion of a single pair of pkUes 
immersed in acid water is very feeble : how can it be increased f 

By increasing the number of the pla;tes and the quan- 




Fig.87. 
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Different forms of galyanio batteries. Light and heat produced by galyaniam. 

tity of the liquid, we increase the intensity of the elec- 
tricity developed. 





iifi.ea. 



Fie. 89. 



Figs. 88 and 89 represent some of the most common forms of galvanic 
batteries. In Fig. 88 two plates of zinc, z z, inclosing a piece of silver 
between them, are immersed in a glass cylinder, G-, containing acid ; S 
and A represent the poles of the battery. In Fig. 89 the battery con- 
sists of two concentric cups or cylinders of copper, C, and a cylinder of 
zinc, Z, fitting between. The add solution is poured into the spaces be- 
tween the cylinders. Another form consists of an earthenware trough, 
containing acid, in which alternate plates of copper and zinc are arranged, 
and connected together by wires rising from each end of the trough. 

10OS Whai a/re the most ordinary effects ^oduced hy the developed 
decbicity of a large galvanic baMery t 

The production of marks and hrilUcmt jimhes of 
Ugkt^ the heating and rasing of metals, the deflagration 
of gunpowder and other inflammable substances, and 
the decomposition of water, saline compounds, and 
metallic oxides. 

1903 How may the m^ost splendid aHificial light known he produced f 

By fixing pieces oi pointed charcoal to the wires 
connected with opposite poles of a powerful galvanic 
battery, and bringing them into contact, 

1004 Can intense Jieat he developed hy the action of the galvanic bat- 
tery as weU as intense light f 

The greatest a/rtifidal heat man has yet succeeded in 
producing has been through the agency of the galvanic 
oattery. 

1005 Whxit refraciory substances can he fused by Hie aid of (he gal- 
vanic battery f 

All the metals, including platinum, can be readily 
13* 
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melted ; quartz, sulpliur, magnesia, slate, and lime are 
liquefied : and the diamond fuses, boils, and becomes 
converted into coaL 

1906 Whai is docbrotyping^ or dectro-metaUurgyt 

It is the art or process of depositing^ from a metaUio 
solution^ through the agency of galvanic electricity, a 
coating ovJUm of metal upon some other substance. 

1007 Up(m what pnruiples is U accomplished f 

The process is based on the fact, that when a galva- 
nic current is passed through a solution of some metal, 
as a solution of sulphate ot copper (sulphuric acid and 
copper), decomposition takes place ; the metal is sepa- 
rated in a metallic state, and attaches itself to the nega- 
tive pole, or to any substance that may be attached to 
the ne^tive pole ; while the acid or other substance 
before m combination with the metal, goes to, and is 
deposited on the positive pole. 

In this way a medal, a wood-engraving, or a plaster cast, if attached 
to the negative pole, may be covered with a coating of copper ; if the 
solution had been one containing silver or gold, tlie substance would 
have been covered with a coating of silver or gold instead of copper. 

1008 How can the thickness of (he deposits "be reguUxtedf 

The thickness of the deposit, providing the supply 
of the metallic solution be kept constant, will depend 
on the length of tmie the object is exposed to the znjhir 
ence of the battery. 

In this way, a coating of gold thinner than the thinnest gold-leaf can 
be laid on, (xr it may be made several inches or feet in thickness, if 
desired. 

The process of electrotyping has been strikingly taken advantage of in 
reproducing expensive engraved plates, as the map-plates of the Coast 
Survey of the Unit^ States. The jdate d the map, usually on copper, is 
frequently the work of years under the hand of the engraver, the cost 
being counted by thousands of doUars. If the plate, when finished, were 
priiSed on direcUyj the pressure of the paper a few hundred times would 
soon obliterate the faird Unes of the engraving on the metal, and the plate 
would soon become injured or spoiled. But now the origiTiait plate is 
never printed on, but an electrotype on copper is taken from it, at a very 
small expense ; and this may beTepeated almost indefinitely, thus afford- 
ing freii plates for printing whenever required. 
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CHAPTER III 

MAGNETISM. 

IQOO Is there any connection between magnetism and dedricUy f 
There is every reason to believe that magnetism and 
electricity are but modifications of one force. 

IQIO WhoX is a loadstone or a naiwal magnet f 

It is an ore of iron^ known as the ^^ protoxide of 
irrni^'^ or " magnetic oxide of iron^^ whicn is capable 
of attracting other pieces of iron to itself; and if sus- 
pended fredy by a thread, and left to take its own po- 
sition, it will arrange itself so that its extremities will 
point towards the north and south poles of the earth. 

1911 Are noAwral ma/^n/ds TQfref 

They are not / thev are found in many places in the 
United States, In Arkansas^ especially, an ore of iron 
possessing remarkably strong attractive powers is very 
abundant 

The magnetic ore is usually of a dark 
grey hue, and possesses but little me- 
tallic lustre. Mg. 91. If a piece of this 
ore be dipped in iron filings, or a number 
of small needles, they will generally be 
found collected and clinging together in 
great quantities at two opposite extremi- 
ties, as represented in the figure, whilst 
the middle portion is nearly destitute. 
The magnetic property, whatever it may Kg. 91. 

be, seems therefore to be collected and act 
with the greatest energy at two opposite extremes; these have been 
termed poles, 

10123 What is the origin of the terms ^^magneV^ and " magnetism ?" 

The loadstone or natural magnet was first found at 
Magnesia^ in Lydia, Asia, whence were derived the 
names. 

1Q13 Can a natural magnet communicate its attractive properties to 
other bodies by contact? , 

It cany and that too without any aj^arent loss of 
attractive strength. 
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1014: What bodies are capable of being magnetized by contact with 
natural magnets f 

Iran and sted are the substances most susceptible of 
this influence, but brass, nickel, and cobalt can also 
become magnets. 

1Q16 Does the magnetism imparted to a piece of soft iron, or sted, by 
contact urith a natural magnet^ remain perma/nent in their substances t 

In the sted it does^ but the soft iron loses its power as 
soon as it is removed from the magnet. 

1Q16 Is it necessary that absolute contact should take place between a 
magnet and apiece of soft iron to render the latter a magnet f 

No, every piece of soft iron brought near a magnet 
becomes by induction itself a magnet. 

1Q17 WJiot do you mean by induction f 

It is the production of like efects in conUgvmts ho- 
dies. In electricity or magnetism, it is the influence 
exerted by an electrified or magnetized body through 
a non-conducting medium without any apparent com- 
munication of a current. 

1018 WhaX is meant by ike directive power of the magnet t 
It is that power which will cause a magnet, when 
suspended freely, to constantly turn the same part to- 
wards the north pole and the opposite part towards the 
south pole of the earth. 

1Q10 What are the poles of a magnet f 

Thej are the ends of the magnet, and are denomi- 
nated north and south poles, according as they point to 
the north or south poles of the earth. 

10130 What are the poles of the earth f 

The extremities of the ea/rtKs aayisj or the points on 
the surface of the globe through which the axis passes. 

10S1 What is a m^agnetic needle f 

Simply a bar of sted which is a 
magnetj suspended in such a wav 
that it csin freely turn to the nortn 
or south. 

101323 What is a mariner's compass t 

yj^ gjj. It is a ddicate sted bar or 
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needle balanced upon b, pivot placed beneath Its centre 
of gravity in such a way that it can turn horizontally 
wiUiout obstruction. This needle is usually inclosed in 
a box, upon the bottom of which is a card, widi the 
various points*— north, south, east, west, etc., etc., 
marked upon it. 




Fig. 92. 

Such a needle, if the box containing it be placed on a level surface, will 
generally be observed to vibrate more or less, till it settles in such a 
direction that one of its extremities or poles will point towards the north, 
and the other consequently towards the south. If the position of the box 
be altered or reversed, the needle will always turn and vibrate again, till 
its poles have attained the same direction as before. 

V 1033 Does the compass needle always point exacUy norih and sotdh f , 

It does not; its natural direction is towards the north 
and south poles, but it seldom points due north or 
south. 

1Q«34: Who first discovered (he fact thai a magnet wotUd invariably 
point to the norih and the southj and rmde use of this knowledge in construclr 
ing a compass t 

It is claimed to have been discovered by the Chinese: 
it was known in Europe, and used in the Mediterranean, 
in the thirteenth century. 

10d6 Ebw were the compasses of that time constructed f 

They were merely jpi^c^^ of loadstone fixed to a corky 
which floated on the surface of water. 

loss Js the earth itself supposed to be a magnet f 

It is undoubtedly a ffreat magnet. 
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1QS7 Is iron under certain circumstances rendered magnetic by the 
inductive action of the earth^s magnetism f 

Most iron iars and railsj as the vertical bars of win- 
dows, that have stood for a considerable time in a per- 
pendicular position, will be found to be magnetic. 

1Q88 If we suspend a bar of soft iron sufficiently long in the axr^ wiU U 
assume magnetic properties f 

It vyUl ffradually become magnetic^ and although, 
when it is nrst suspended it points indifferently in. any 
direction, it will at last point north cmd south. 

10J3Q How may a bar of iron, such as a kitchen poker, be Tnade imme^ 
diaiely magnetic, wUhout resorting to the use of other magnets? 

If the bar devoid of magnetism is placed with one 
end on the grotrnd, slightly inclined towards the north, 
and then struck one sthc^ blow with a hamm&r upon 
the upper end, it will immediately acquire j?(?Za7*^'^, and 
exhibit the attractive and repellant Droperties of a 
magnet. 

103O What is a horse-shoe magnet? 

It is a magneUc bar bent into \hQform of a horse-shoe. 

When a piece of iron not magnetic is brought in 
contact witii a common magnet, it will be attracted 
by either pole; but the most powerM attraction 
takes place when both poles can be applied to the 
surface of the piece of iron at once. The magnetic 
bars aie for this purpose bent into the shape of the 
letter IT, and are termed horse-shoe magnets. 
Several of these are frequently joined together 
with their similar poles in contact ; they then con- 
stitute a magnetic baitery, and are very powerful, 
either for lifting weights, or charging other mag- 
nets. (See Mg. 93.) 

1Q31 If we break a magnet across (he middle, what happens f 
Each fragment becomes converted into a verfect 
magnet; the part which originally had a norm pole 
ac(]^uires a south pole at the fractured end, and the part 
which originally had a south pole, gets a north pole. 

IQSd If we divide up a magnet to the eostreme degree of Tnechanicat fine- 
ness possible, win the pieces possess magnetic powers ? 

Each fragment, however small, will be a perfect 
m/ignet. 
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CHAPTER IV. 

ELECTSO-MAGNEnSM. 

1033 WM is electo-rruigrieiismf 

It is the magnetism developed through the agency 
of dectrical or gahcmic dcUon. 

1Q34: Whxt were (he earliest phenomena observed which indicated a 
relation hekoeen magnetism and electricity f 

It was noticed that ship^s compasses have their direc- 
tive power impaired by lightning, and that sewing 
needles could Ibe rendered magnetic by electric dis- 
charges passed through them. 

1Q36 What discovery^ made by Prof. Oersted of Copenhagen, esta- 
Uislied beyond a doubt the connection of decifricUy and magnetism t 

He ascertained that a magnetic needle placed near a 
metallic wire connecting the poles of a galvanic battery 
was compelled to change its direction, and that the new 

direction it assumed was deter- 
^=^ % mined by its position in rdor 

y N— = * ^!jI tion to the wi/re and to the di- 

rection of the current trans- 
mitted along the wi/re. 

^^^^^^^^ Thus, i^ as in JF%g. 94, a needle be in- 

flg. M. closed in a wire not touching it at any 

point, and a current of electricity pass 

through the wire, the needle will be made to move in accordance with the 

direction of the current 

1Q36 What other important discovery was made about the same 
timet 

It was found that if a piece of soft iron, not possessing 
magnetic power sufficient to elevate a ffrain weight, be 
placed within a coil of copper wire flirouffh wmch a 
galvanic current is passing, it will become, mrouffh the 
mfluence of the current, apowefful magnet; and will, 
so long as the current flows, sustain wei^ts amount- 
ing to many hundreds of pounds. (See Figs. 95 and 
96.) 
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Fie. 94. Fig. 96. 

193*7 Is (he magnetic power of the bar found to be wholly dependent on 
the existence of the cufrent f 

It is; the moment the ciirrent stops, the weights 
/all away from the bar in obedience to the law of 
gravity. 

1938 Bow great weigJUs have been lifted by magnets formed in (his 
manner f 

An electro-ma^et constructed by Prof. Henry was 
capable of elevating and sustaining about a ton weight. 

1939 Upon whaJt principle does the construction of the Morse Tnagnetic 
telegraph depend f 

Upon the principle that a current of dectHdty circu- 
lating about a bar of soft iron is capable of rendering it 
a magnet 

The arrangement by which this principle is made available in the con- 
straction and operation of the Morse magnetic telegraph will be under- 
stood by reference to the accompanying diagram (Fig. 96^ which repre- 
sents the construction and arrangement of this form of telegraph. F and 
E are pieces of soft iron surrounded by coils of wire, which are connected 
at a and b with wires proceeding from a galvanic battery. When a cur- 
rent is transmitted from a battery located one, two, or three hundred 
miles, as the case may be, it passes along the wires and into the coils sur- 
rounding the pieces of soft iron F and E, thereby converting them into 
magnets. Above these pieces of soft iron is a metallic bar or lever, A, 
supported on its centre, and having at one end the arm B, and at the 
. other a small steel point, o. A ribbon of paper, p h, rolled on the cylinder 
B, is drawn slowly and steadily off by a train of clock-work, K, moved by 
the action of the weight P on the cord C. This clock-work gives motion 
to two metal rollers, G- and H, between which the ribbon of paper passes, 
and which, turning in opposite directions, draw the paper from the cylin- 
der B. The roller H has a groove around its circumference (not repre- 
sented in the engraving) above which the paper passes. The steel point, 
0, of the lever, A, is also directly opposite this groove. The spring r pi-e- 
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vents the point from resting iipon the paper when the telegraph is not in 
operation. 

1040 Why is it necessary y in conveying ihe telegraph wires^ to support 
them upon glass or earthen cyUnders f 

These are used for the purpose of insuring the perfect 
mmlation of the wires, since but for this the electricity- 
would pass down a damp pole to the earth, and be lost. 

1041 Is there any truth in the idea that many persons have^ thai sorne 
principle passes alcmg the telegraphic wires when intelligence is transmitted f 

This supposition is wholly erroneous ; the word cur- 
rent, as something flowing, conveys a false idea, but wo 
have no other term to express electrical progression. 

194S How can we gain an idea of what reoMy takes place^ and of the 
nature of the influence transmitted f 

The earth and all matter are reservoirs of electricity ; 
if we disturb this electricity at Boston by voltaic influ- 
ence, its pulsations may be felt in New York. Suppose 
the telegraphic wire were a tube, extending from 
Boston to New York, fiUed with water. Now, if one 
drop more is forced into it at Boston, a drop must fall 
out at New York, but no drop was caused to pass from 
Boston to New York. Something similar to this occurs 
in the transmission of electricity. 
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FAMILIAR CHEMISTRY. 



ie4i3 WhcU is starch f 

The name starch is given to a T/iealy svhstance which 
is deposited in most vegetables at the time of ripening, 
from the juices with wnich the ceUs of the plaiits are 
fiUed. 

1044 What common vegetable espeddOy abounds in starch f 

The potcUo ; which consists entirely of cells filled 
with starch and water. 

A cell is a little membranous bladder filled with a solid or fiuid sub- 
stance. 

104C Why does the laundress find it necessary to hoU starch before 
using Ufor stiffening linen^ etc f 

The starch, consisting of little granules, is insdvUe 
in cold looter ; but when acted upon by hot water, 
the granules burst and allow their contents, which ai*e 
soluble, to become mingled with the water. 

Starch is manufactured as follows : — 

Potatoes, for example, from which most of the starch of commerce is 
manufactured, after being pared, are grated to a pulp. This pulp is put 
upon a sieve and stirred about, while at the same time a httle stream of 
water is made to flow upon it A milky liquid runs through the sieve, 
but the fibrous portion of the potato, the vegetable tissue, remains behind. 
This liquid, after a short mterval, deposits a white powder, which is the 
starcli. By the simple process of tearing up the vegetable tissue, and 
removing the inclosed starch by washing, this substance may be procured 
from a great variety of plants. 

1946 Why do potatoes, heans^ rice, and most of the common vegetables^ 
steeU wp ivhen boiled v}ith water f 

Because the starch absorbs water at the boiling tern- 
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perature, which causes the cells to swelZ^ thereby giv- 
ing to the vegetable a rounded appearance. 

1Q47 What is the composition of wheat flour t 

Starch is one of the prmcipal constittcents of wheat 
flour, as well as of all other kinds of meal. The other 
principal constituent is a grey, tough, viscous sub- 
stance, called gluten. 

1Q48 7b whai does paste, made of wheat or rye fUmr, owe its adhe^ 
sivenessf 

In some measure to the starchy but principally to the 
gluten contained in it. 

104d Can starch he converted into gum and sugar f 

It can / frmte and plants effect this cha/nge naivr 
raUy : we can also produce the change artificially by 
chemical processes. 

1Q50 Why are potatoes frozen and ihafoed nceetf 

Because by the freezmg action the starch of the po- 
tato is in part con/verted into suga/r. 

10S1 Why are appks, pears, grapes, etc., in their unripe state sour, 
and in theivr ripe conddum sweet f 

In the unripe fruits mentioned sta/rch is present ; in 
the ripe fruits it is absent ; in the process of ripening 
the starch is concerted into Sfoga/r^ and the fruit losing 
its sour taste, becomes sweet. 

1Q5S What are acids f 

Acids are substances which excite the taste of sour- 
ness when applied to the tongue ; thejr change the hlue 
juices of vegetables to redy and combine with alkalies 
to form neutral compounds. 

1053 Whai is an dlkcdit 

An alkali is a body that possesses properties the 
converse of those of am, acid. It has a htghly hitter^ 
acrid taste^ changes the Ihie juices of vegetables green^ 
or the juices of vegetables which have been changed 
red by an acid, back again to blue. Potash and soda 
are the representatives of the alkalies. 

1064 Whefn sulphur is Iwmed in the air what is the product formed f 

Sulphurous acid. 
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3.QCS6 What causes the suffocating odor of a lighted brvmstone maich f 

The stdphuroics add generated by the combustion 
of the sulphur. 

1066 Whai is stdphuric acid or oil of vitriol r 

It is a compound of sulphur and oocygen^ containing 
one-third more oxygen than sulphurous acid. 

1QS7 Whai is sulphur etted hydrogen f 

A gas formed hv the union of svJ/phur and hydrogen. 
It possesses an oflfensive odor, and is very poisonous. 

1058 How is sulphuretted hydrogen formed in nature f 

Principallv from the deconvpodtion of ammaZ suh- 
stances^ as blood, flesh, hair, etc. 

10Sd Why does the yolk of an egg tarnish a silver spoon t 

Because it contains a Utile mhhur^ which, at the 
temperature of an egg just boiled, will decompose the 
water or moisture upon the spoon, and produce sul- 
phureUed hydrogen gas^ which will tarnish silver. 

Both the white and the yolk contain sulphur, but the latter the most 
abundanUy. 

1Q60 What is it that makes an open or foul sewer so destructive of 
health to any district in which it may he situated t 

The evolution of sfuJ/phwretted hydrogen. When in- 
haled, it acts directly upon the blood, thickening it, 
and turning it black. 

10B1 Why do swrfojces pointed with lead paints^ in the vicinity ofseuh 
ersj soon turn hlackf or become discolored f 

Through the action of sitlphureUed hydrogen. 

1068 What is nitric add f 

Nitric acid, or aqua-fortis, is a compound of five 
parts of oxygen and one of nitrogen. 

It is a liquid; when pure, colorless^ and highly corrosive ; it attacks al- 
most all dead, unorganized substances, and destroys living tissues. 

1063 What is muriatic, or, m^ore properly, hydrochloric addf 
A compound of hydrogen and chlorine usually pre- 
pared from salt. It is an acid much used in the arts. 

XQQ^ What is " lunar caustic ?" 

A compound of nitric acid and oxide of silver. 

1065 Why, when lunar caustic is applied to the flesh does it bum and 
destroy it f 
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Through the agency of the nit/ric add contained in it. 

1QG6 Bo 'plants prodtux adds f 

Acids are formed in the vegetable Jcingdom in grea;t 
abundance ; they especially exist in unripe fruits, im- 
parting to them a sour taste. 

Acids formed from mineral substances are called "mineral acids;'* 
acids fonned by or from vegetable substances are called " organic acids." 

1.Q&7 Why does tanning hides convert them into hasher t 

Hides are steeped in water, with ground bark of the 
oak, hemlock, or other trees ; these barks contain large 
quantities of ta/nnic acid, which combines with the 
BKin of animals, and forms a combination which is in- 
soluble in water and not subject to putrefaction — yiz. 
leather. 

3.968 WhM is ordinary vinegar f 

An aeidj called a^etio a^d, and water. 

IQQQ 1/ wine or beer be imperfectly corked, why does it rapidly turn 
sourf 

Because air gets into the liquor, and the oxygen of 
the air combinmg with the alcohol of the liquor pro- 
duces acetic acid, or vinegar. 

1070 What is alcohol f 

Alcohol is the spirit existing in wine, beer, cider, 
etc., obtained in the process of fermentation. 

1071 Whai is a ferment f 

A ferment is a substance containing nitrogen in a 
state of decomposition^ which is able to excite fermen- 
tation in solutions of sugar; old cheese, putrefying 
flesh, blood, etc., all of them are ferments. 

lera What is y east f 

We apply the term yeast to a particular species of 
ferment ; the foam of beer (or of some similar liquor), 
produced hj fermentation, 

1Q73 Can you eocplain why it is that a body in a state of fermentation 
or putrefaction should cause unlimited quantities of similar matter to pass 
into the same state t 

"We only know the fact : the reason we are ignorafit 
of. The most minute portion of milk, paste, juice of 
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grapes, flesh, or blood, in a state of fermentatioD or 
putrefaction, causes fresh milk, paste, ffrape juice, flesh, 
or blood, to pass into the same condition, wnen in con- 
tact with them. 

1Q74 In storing or packing fruit for future use why is it necessary to 
carefully remove every decayed specimen t 

Because the decayed portions of one specimen will 
quickly communicate decay to the fresh fruit im, contact 
with it, and soon the whole mass of f5ruit will become 
putrescent. 

X&7CS If in a vesssl, or any other structwre^ one timber becomes decayed 
ioTiat course ought to be adopted t 

It should be removed vmm^diaidy^ or the decompo- 
sition once commenced will in time affect the whole 
structure. , 

It sometimes hj^pens that physicians, in dissection, are seriously poi- 
soned by the slightest cut of a knife which has been used upon the dead 
body. The knife introduces to the healthy blood, through the wound, 
91 minute portion of matter in (he state of decomposition or putrefaction. 
This acts as a ferment^ and causes the healthy matter in contact with it 
to pass into the same decomposed state. The action once commenced 
rapidly extends, until the whole body becomes affected, and death ensues. 
It is sJmost impossible to heal wounds of this character. 

1G7S Why is it espedaUy dangerous to eat fruit or Tneats partially 
decayed f 

Because the decayed portions of the substance eaten 
are liable to induce th© samfie condition in the healthy 
organs of the stomach with which they may come in 
contact. 

1© 77 Why do fruit preserves frequervOy turn sour t 

Because, owing to the action of some fermenting 
substance present either in the fruits themselves or in 
the air, the sugar used in preserving is converted into 
alcohol, and the alcohol into vinegar. 

1Q78 WJig does (he housewife scald her preserved fruits to prevent their 
turning sour t 

Because fermenting substances and fermenting ac- 
tion are destroyed by a boiling temperature. 

10 7Q Why do we keep preserves^ beer^ cider ^ or other substances liable 
to turn sour J in a cod place f 

Because a depression of temperature arrests fermen- 
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tation^ though it does not prevent its renewal when the 
temperature is increased. 

1Q80 WhcUiseiherf 

Ether is a product obtained by distiUiTig strong alco- 
hol and mlphuTiG dcid. The product is called sul- 
phuric ether, but it does not contain sulphuric acid, 
nor has it any sulphur in its composition. 

1©81 Whoit are the properties of ether t 

It is an exceediThgl/y volatile^ inilanmuible body, pro- 
ducing insensibility when inhaled, and readily dis- 
solving all fatty and oily bodies. 

108S Why win ether remove spots of oU^ paint, or grease from gar* 
mentsf 

Because it is a solvent for all greasy, oily matters. 

1083 What are the best agents for depriving putrid and decaying 
a/nimal and vegetable svbstances of their offensive odors f 

Chloride of lime is the most effectual agent; and 
cKUyride of zinc and sulphate of iron (green vitriol) are 
also exceedingljr efficient. On a large scale, as in the 
sanatory cleansmg of towns, pulverized charcoal, burnt 
clay, and quicklime, are to be recommended. 

1084: What effect does the use of perfumes or the burning of pastiles 
have upon offensive odors f 

They merely disguise the odor, but do not remove or 

destroy it. 

*XQ3S By adopting whai precautions may a person safety enter sick 
rooTns, or visit, without risk, the most dangerous receptacles offiUh f 

By moistening a linen cloth with vinegar, and sprink- 
ling over it finefy-powdered chloride of lime. 

Air breathed through this, applied to the mouth and nostrils, will enter 
the lungs charged with a minute quantity of chlorine, which will effec- 
tually destroy any noxious vapors or miasms that escape from diseased 
bodies, or from decaying animal and vegetable substances. 

108S Whai three conditions are requisite to produce putrcefation in 
animal and vegetable substa/nces f 

It is necessary that they should be exposed to the 
combined influence of air, heat, and moistitre. 

1Q87 Why is a substance preserved from decay by drying, orby th$ 
exclusion of air from it t 
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Because bv so doing we remove the moisture and air 
essential to tne process of decay. 

1088 Why does the smjoking of fish or flesh contribute to their pre- 
servaiionf 

Because the volatile matters of the smoke, such as 
creosote, pyroligneous acid, and the like, effect a 
species of chemical comhination with the fibre of the 
meat, and with the substances contained in the natural 
juices of the flesh, which combinations are less liable 
to decay than the substances themselves. 

lese WhaiisaOmnmf 

Albumen is an anvmcH stibstance as well as vegetable. 
It exists most abundantly, and in its purest natural 
state, in the white of am, egg^ from whence it derives its 
name (pXtmrn ovi)y which is the Latin for the white of 
an egg. 

The serum or fluid portion of the blood (which, after exposure to the 
air, is separated from the more solid part) the vitreous and crystalline 
humors of the eye, the brain, the spinal marrow, and nerves, all contain 
albumen. 

lOOO What is the yoUc of an egg t 

This also consists of albunxen^ but contains m addition 
a yellow oil^ which imparts to it its color. 

1091 Why is meat tough which has been boiled too long f 

Because the albumen becomes hard, like the white 
of a hard-boiled egg. 

The best way of boiling meat to make it tender is this : Put your joint 
in very brisk boiling water; after a few mmutes add a little cold Avater. 
The boiling water will fix the albumen, which will prevent the wate» 
from soaking into the meat, keep all its juices in, and prevent the 
muscular fibre from contracting. The addition of cold water will secure 
the cooking of the inside of the meat, as well as of the surfece. 

1003 Why is meat always tough if it be put into the boiler before the 
water boHsf 

Because the water is not hot enough to coa^gulale the 
albumen between the muscular fibres of the meat, 
which therefore runs into the water, and rises to the 
sm'face as scum. 

1QQ3 Why is Qiafksh of old animals tough ? 
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Becanse it contains "cefry I1M4 albnmeH, an^-^ni^cli 
muscular jB.bre. 

ie04: What is a poisont 

A poison is any agent capable of producing a dan- 
gerous effect upon anything endowed with life. 

X&QS In cases of poisomiig hy siibstances taken into the stomachj what 
course should le pursued, in the absence of fnedical attendance t 

The first step is to evacuate the stomach by means 
of powerful emetics, and when vomiting has taken 
place, warm water and the white of eggs may almost 
always be given with advantage* 

IQQB Can poisons administered for crvmindl purposes he almost 
certainly detected t 

They can; chemical science within the last few 
years nas made such advances, that the most minute 
quantities of all the best known poisons can be detected 
with certainty long after death. 

There is no poison so liable and certain to be found as arsenic, and in 
almost every case of poisoning with mineral poisons, science is enabled to 
detect the substance, even when life has been extinct for yearsj and the 
Uody nearly decomposed. 

199r J/IHua is arsenic? 

Metallic arsenic is a^ exceedingly hritUe mefalj of a 
steelrgrey color. It vaporizes, when heated, with a 
strong odor of garlic, a property not possessed by any 
other metal. 

The substance used as poison, and sometimes known as ratsbane, is 
arsenious add, a compound of arsenic and oxygen. Arsenious acid has 
the form and appearance <^ a fine white powder. 

1998 WhM is idlest remedy in cases of poisoning wiffi arsenic t 

The hvdrated peroxide of iron (iron rust)* is con- 
sidered the best remedy. 

1999 Is lead a poison t 

♦ The following is the best method for preparing this substance: 
Take common copperas (sulphate of iron) four ounces; cBlplve in warm 
waiter in a glass, or porcelam dish, and add a small quant^ of sulphuric 
acid, and afterwards ammonia solution, so long as a dense red precipitate 
is formed. This precipitate carefully strained off, and thoroughly washed 
in a filter with water, is hydrated peroxide of iron. So long as kept 
moist, it may be preserved, for a great length of time. 

14 
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Lead pipea, how poison Wftter. Yerdigris. Calomel. 

Lead and nearly all its compounds are dcmgeroua and 
secret poisons ; when received into the system, it fre- 
quently remains dormant for years, and then suddenly 
manifests itself in various forms of disease. 

dOOO What is Ike disease caUed^'painier^ colic r 

A disease to which painters and others workina m 
lead are licMe^ in consequence of receiving into their 
system, imperceptibly, portions of lead. 

dOOl Is U dangerous to «2eep in, or breathe iheairofj a room newly 
j)<tiniediiriih paints conUiimng lead? 

It is highly dangerouSy since the air is filled with a 
vapor of the lead compound used as paint. 

dOOd Why are some waters^ when conveyed through lead pipe^ 
poisonous^ 

Waters which are veryjpure and contain rrmch oeygeTi 
dissolved in them; waters which contain nitric add 
compounds, such as those flowing from the vicinity of 
barn-yards, manure heaps, and those which contain 
common salt or orgcmic matter ^ as water flowing from 
swamps and fiel<ls; waters containing solubfo car- 
honates — ^all dissolve lead from the pipes through 
whidi they may be made to pass. Constant use of 
such waters, in the process of time, will introduce suffi- 
cient lead into the system to produce disease, which is 
often attributed to other causes*, 

8003 Whaiis verdigris t 

Verdigris is a compound of copper, oxygen, and 
acetic acid. This, and all the compounds of copper, are 
very poisonous. The most efficacious antidotes for 
poisoning with copper are, white of eggs and milk. 

13004 Whaliscaiomelf 

It is a compound of two parts of mercury united to 
one of chtorme^ forming the sub-chloride of mercury. 
The preparation commonly known in medicine as " blue 
pill," is a preparation of calomel. 

dOOS What is corrosive sublimate t 

A compound of mercury and chlorine united in equal 
proportions, forming the perchloride of mercury. 
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J3006 Are loth these compounds^ caUmiel and corrosive suNimatey 
poisons f 

They are / corrosive sublimate, especially, is a most 
deadly poison. In case of poisoning by it, the most 
effectual antidote is white of eggs. 

S007 What is (he process of preserving wood from decay ^ commonly 
termed " kyanizing t " 

It consists in saturating the fibres of the wood with 
a solution of corrosive swUmate. 

Poisonous substances, and corrosive sublimate especially, have the pro- 
perty of protecting animal and vegetable substances from decay. The 
skins of stuffed birds and animals, and the plants of a herbariimi, may be 
protected from insects and decay, by washing them with a solution of cor- 
rosive sublimate. It should not, however, be forgotten, that these sub- 
stances by such treatment become themselves poisonous. 

S3008 Whaiis contagiont 

We apply the term contagion to that svhile matter 
which proceeds from a diseased person or body, and 
which commtmicates the disease to ianother pei-son or 
body. 

Contagion differs from miasm in being the product of disease, and in 
rpproducing itselC 

. SOOe WIujU is miasm or miamwAa t 

Miasm or miasmata is the product of the decay or 

putrefaction of ani/mal or vegetable substances^ and 

causes disease without being itself reproduced. 

Contagion occasions disease in the same way that yeast excites fermen- 
tation. Miasm often acts, by its chemical properties merely, as a poison. 

SOlO Why are contagious diseases sometimes communicated to indi- 
viduals wh) merely approach the vicinity of diseased persons^ but do not come 
in contact with or even see them f 

Because the air itself, which has been in contact with 
the^ diseased persons, carries with it the seeds or germs 
ofimfection^ and thus communicates disease, sometimes 
at great distances. 

soil Why are not all persons affected alike when exposed to similar 
contagious diseases t 

Contagious matter is not capable of producing dis- 
ease, unless a compmmd is present m the system capable 
of heing decomposed hy contact with the exciting body. 
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BnseeptlbiUtj to contagion. NntrltiTe valtle of food. 

80133 What do we mean by suscepHbUiiy to contagion f 

We mean that the hlood of a person contains sub- 
stomces by the decomposition of which the exciting body 
or contagion can be reproduced. If these substances 
are not present, and if me system be perfectly hejdthy, 
contagion will fail to produce disease. 

8013 WhoA U ihe rdative nuiriHve value of the different kinds of meat 
as food? 

The relative nutritive value of the different meats for 
food is as follows: heef is the most nutritious; then 
chicken^ porJcy mutton^ and veal. 

d014 WJuU varielies offish are ihe most mUrUious f 

The haddockj the herring^ the salmon^ and the edy in 
order. 

d016 W?iat vegeiabie of ordinary consumption is the most nutritious t 

The cabbage. 
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how invented, 101, 102 
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86 
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father, safe place in a thunder storm, 
288 
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metal, composition of; 118 
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burst, 74 
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Breath, why visible In winter, and not In 
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Burning point, what is, 222 
Bums on the skin affect respiration, 235 



Calomel, what is, 810 
Caloric, meaning of term, 181 
Candle, why bums when lighted, 281 
Caanon, distances to which they can send 
a ball, 85 
varieties of; 85 
Capillary attraction defined, 65 
vessels, action of, 887 
what are they, 286 
Capitol ofa column, 46 
Carbon, more thrown off firom the 83rstem 
in winter than in summer, 240 
what is, 224 
Carbonic acid, sources of; 218 
gas, 206 

a poison, 207 
where found, 206 
Ci^ ttii of; why sparkles in cold weather. 

Cats, why see in the dark, 267 
Cellars, why cool in the summer, 151 
warm in the winter, 151 
Cement, definition of; 83 
Cements, hydraulic, 2K9 
Centriftigal force, 28 

illustrations o^ 23, 24 
Chalybeate waters, 54 
Champagne, why sparkles, 73 
Charcoal, how made, 224, 225 
what is, 224 
why black, 261 
Chemistry, familiar, 802 
Children, why diflicult to learn to walk, 

18 
Chimney, fire in, how extinguished, 230 
Chimneys, how quicken the ascent of hot 
air, 215 
of manufactories, why usually 

very long, 215 
principles of construction of^ 

216 
smoke under what circumstan- 
ces, 216 
Choke^bmp, what is, 211 
Church, crowded, persons in feel drowsy, 

210 
CircuH, galvanic, 292 
Cities, air of; less pure than the country, 

210 
Cleanliness, necessity o^ 288 
ICllmato, meaning of'^the term, 104 



why used for lining stoves and fur- Climates, peculiarities of, 104 
naccs, 151 I temperature oi; coloration pecn- 

Broth, cooled by convection. 159 liar to, ^l 

Bubbles, nlr, in ice, origin of; 178 'Clock, common, what is a, 29 

in a tea-cup. how attracted, 14 Clocks, why go faster in winter than in 
on leaves of water plants, what the summer, 80 

arc they, 286 ; Clothing, contains no warmth in ItseUl 

soap, why ascend, 56 152 
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Clothing, how makes us warm, 147 

use of, 148 
Clouds and fog, difference between, 88 
Clouds, cause of their various shapes and 
appearances, 85 
color of, 85 

distance above the earth, 84 
size ofi 84 

sunset, why colored, 86 
what are, 88 
when high and low, 83 
Coal, anthracite, 225 
bituminous, 225 
deposits, extent of^ 227 
mineral, origin o£ 225 

produced from vegetable 
nuitter, 225 
Cohesive attraction, 11 

illustrations oi^ 12 
Cold, greatest artiflcialf 184 
natural, 184 
how occasioned by wet clothes, 197 
what is, 180 
Color, does not exist in the dark, 270 

influence of, on the deposition of 
dew, 168 
Colors, artificial, why fiide In the sun, 271 
dark, optical effects of^ upon the 

size of the figure, 273 
light, effect of, 274 
disadvantages of a dress of uniform, 

273 
roost conspicuous in battle, 274 
peculiar to arctic regions, 272 
seven primarv, 255 
warmest for dresses, 175 
Columns, why larger at the bottom than 

at the top, 42 
Combustion, a process of oxidation, 220 
chemical action of^ 221 
essential requisites of; 221 
spontaneous, illustrations of 

230 
what is, 220 
Compass, does not always point north and 
south, 297 
mariner's, 279 

how constructed, 297 
when discovered, 297 
Compasses, ships', how affected by light- 
ning, 299 
Compressibility, 6 
Concord and discord, what are, 120 
Contagion, susceptibility to, 810 

what is, 811 
Convection of heat, 153 
Copper, poisonous effects of, 810 
Cornea, effect of flattening, 265 

of the eye, 263 
Cornice, what is a, 47,48 
Corrosive-sublimate, what is, 810 
Coiigliing, what is, 122 
Countries, least cloudy, 103 
most cloudy, 107 
some, why destitute of rain, 
110 
Cowl, use of, upon a chimney, 216 
Cream, why rises upon milk, 64 



Crying, what is, 128 

Cultivation, how increases the warmth of 

a country, 198 
Curtain, behind a pulpit, influence of on 

sound, 126 
Cylinder, strength of a, 86 



Dead body, why cold, 288 

Decay in substances, how occasioned and 

promoted, 306 
Density, what is, 6 
Diseases, when contagions, 811 
Dew and rain, difference between, 163 
Dew, cause ot, 164 

deposited most readily on clear 

nights, 163 
does not fall, 168 
does not form on exposed parts of 

the himcian body, reason of, 170 
fhlls abundantly on cultivated soils, 

166 
none on a windy nisht, 164 
none on cloudy nights, 163 
phenomenon oi; 1^ 
rarely observed in cities, 168 
when converted into frost, 163 
when most copious, 166 
why more abundant on some sub- 
stances than others, 164 
why rolls in drops on leaves, 169 
Dewdrop, why round, 168 
Diamond, cause of its brilliancy, 256 
Disinfectmg agents, 807 
Distillation, how effected, 196 

what is, 195 
Divisibility of matter, 5 
Doors, why shrink in dry weather, 199 - 
swell in damp weather, 199 
Dovetailing, what Is, 44 
Draining lands, promotes warmth, 193 
Draught of air, occasion of; 214 
a chimney, 214 
stove, 214 
when there Is none, 215 
Dress, arrangement of colors in, 272, 273 
Dresses, white, why adapted for summer, 

172 
Drum, why sounds, 121 
Drying and distilling, difference between, 

196 
Ducks, why not made wet with water, 

169 
Ductility, 11 
Dust, how expellotl fW)m a coat or carpet 

by beating, 26 
Dunghill, ctiusu of the heat of, 229 



Ear, construction of, 115 

drum of, 114 
Earthen vessels, why crack in cold wea- 
ther, 180 
Earth, heat of, 186 
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Earth, hnvc proved tn b« in motton, 29 
|>olei{ of, 296 
U'lnpornturo of, inflnonce on the 

di&tribntion <»f animals, 142 
■why ma<lo colder after sunset, 162 
Karthqnakes, probable cause oi^ 136 
Kbnllltlon, what is, 155 
Echo, distance necestsary to produce, 125 
what is, 124 

why sometimes double, 125 
how produced, 124 
where heard iii greatest perfection, 
124 
Edce, straight, 245 
Eel, electrical, 279 
Elastic bodies, what are, 9 
Electricity, 275 

and lightning, identity of; 2S5 

how proved, 2S5 

connection of light and heat, 

2T3 
conductors of; 276 
galvanic, ^eatest quantity, 

how excited, 292 
galvanic of two kinds, posi- 
tive and negative, 291 
how called into action, 275 
how excited by rubbing the 

fiirofacat,2*3 
invisible, 275 

natural agents active in pro- 
ducing, 279 
non-conductors oty 277 
of muscular action, 279 
positive and negative, 278 
produces heat 186 
velocity of, 278 
Electric cloud, discharge of, 280 
Electrical machines, how constructed, 277 

repulsion, 276 
Electrified and non-elcctrifled bodies, 276 
Electro-magnetism, what is, 299 

when and how dis- 
covered, 299 
metallurgy, 294 

principles ot^ 294 
Electrotype process, 294 
Entablature, 47 

Equinoxial storm, does it occur, 112 
>^quimaux, why fond of oil and dt, 230 
Ether, how removes grease, 807 

what Is, 807 
Evaporation, cUdly amount from the sea, 
110 
effects of; 197 
phenomena of, 195 
Eye, human, structure o^ 2o2 
muscles of 262 
parts oC 263 
retina of, 263 

pained by sudden light, 266 

pressure on, occasions the sensation 

of liaht, 263 

Eyes, do not soe alike with both, 263 

Eyebrows, use (»f, 266 

Eyehvshcjs "•■*^' *^^-> 266 

Exertion, dlsiJigrecablo in hot weather. 

why, 240 



Exercise why makes ns warm, 238 
Expansion by heat, 176 



Falling bodies, laws ot 29 
Fan, a, does not cool tne air, 174 
Fanning the face, why cools, 178 

utility of; 174 
Far-dghtedness, cause of; 265 

how remedied, 265 
Fat people, why throw back tnelr shoul- 
ders, 17 
Feathers, why called light, 6 
Feather, how attracts the earth, 14 
Ferment, what is a, 805 
Fermentation, how induced by yeasty 805 
Figure, 6 

Filtration, principles of; 7 
Fire, benefit of stirring a dull, 280 

caused by friction, 189 

heat oty cause of, 229 

intensity depends on what, 230 

reflection of, in our windows, 250 

what is, 222 

why feels hot as we approach it, 161 

why placed near the floor of a room, 

in the nisrht, why difficult to judge of 

the distance of, 269 
places, open, advantages of; 219 
not economical 213 
Flame, candle, hottest part of, 232 
color oi; 281 

luminosity, depends on what, 223 
of a lamp or candle, analysis of; 

232 
of a candle, why points upwards, 

232 
solid particles in, 222 
what is, 222 

when will it smoke, 223 • 
Flames, why all not equally luminous, 23t 
Flues of stoves, why covered with black- 
lead, 162 
Flannel, how preserves Ice flrom melting, 

143 
Fluids, laws and phenomena of; 49 

two classes of, 49 
Flying, how diflFers ft'om leaping, 2ft 
Force, what Is, 22 
Food, hot, cooled by blowing, 159 

the fuel of the body, 2»a 
Fogs, cause of, 84 

when and where occur, 90 
why does not become dew, 89 
Franklin\s, Dr., theory of electricity, 277 
Friction, what Is, 22 

action of in exciting electricity, 
275 
Frieze, in architecture, 47 
Frost, hour, what is, 187 

rare umler trees and shrubs, 
1S5 
how a thin covering protects plants 

from, 1(37 
renders the earth friable, 1S4 
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Frost-work on windows, cause of, 185 
Fruit, precautions to be used in packing, 

Fuel, elements of. 228 

perfect combustion of, how attained, 
220 
Furnaces, hot air, how constructed, 219 
Furs, why used for clothing, 147 
Fumigation, SOT 



Galvanism, how discovered, 289 
produced, 290 
simple experiment illustrat- 
ing, 290 
what is. 289 
Galvani, discovers galvanic electricitv, 290 
Galvanic battery, ordinary effects of, 293 
Gas, what is a, 8 
Gases, law of diffusion of, 207 

not all invisible, 68 . 
Glacier, what is a, 106 
Glaciers, where occur, 106 
Glass, burning, a double convex lens, 260 

ground lor shades, use of^ 233 
Glasses, burning, 181 
Gold, melting point ot^ 185 
Gothic architecture, origin of, 45 
Grain- weight, origin and construction of, 

20 
Grapes, ripe, why sweet, 803 
Grass, grown in the dark, of a light color, 

272 
Gravitation, what is, 13 
Gravity, centre of, 15 

illustrations of the laws and prin- 
ciples o^ 15, 16 
Greasing carriage wheels, use ot, 140 
Greasy food, why relished in cold wea- 
ther, 239 
Green colors suited to fair complexions, 

273 
Grindstones, in rapid motion why often 

burst, 23 
Gun, e^ential properties of, 85 

how we take aim with a, 244 
Gunpowder, composition of, 84 
power of, 84 

when and how discovered, 
85 



n 

Habitations, probable form of the first 

human, 41 
Hail, what is, and how formed, 94 
Hair, nse of in mortar, 40. 
Halls, for speaking, how constructed, 126 
Hardness, what is", 10 
Headache, how produced by bad air, 209 
Hearth-rugs, why feel warm, 145 
stone, why feel cold, 146 
Heat and cold, sensations of, 131 

animal, cause of, 2:3G 

best conductors of, 144 



Heat, effects on the dissolving power of 
liquids, 194 
effects of. 181 
effects of, on the bulk of some 

liquids, 178 
expands all bodies, 176 

illustrations oi; 17T 
has no weight, 180 
how communicated, 143 

illustrations o^ 4 
how diffused, 180 
how evolved by combustion, 221 
how measured, 187 
good absorbers oi^ not good reflect- 
ors, 171 
greatest artificial, how produced, 298 
greatest artificial, how measured, 

134 
illustrations of radiation of, 161, 

162 
in ice, 180 
latent, what is, 188 
occasioned by chemical action, il- 
lustrations of, 137 
of the sun, 132 
produced by friction, 140 
radiant, 160 
rays of; 171 
reflection o^ 171 

solar, extends below the earth's sur- 
face how far, 186 
sources of, 132 

sun's differs fi-om artificial, 183 
velocity of transmission in different 

substances, illustrations o^ 144 
vital, illustrations of, 141 
what is, 129 
Health injured by reduction of the tempe- 
rature of the body, 198 
Height from which a body falls, how cal- 
culated, 29 
Hiccougli, what is, 123 
Hides, how converted into leather by tan- 
ning, 305 
Horizon, what is, 269 
Horse-shoo magnets, 298 
Horse-power, what is, 33 
House, part most dangerous in a thunder 

storm, 282 
House, haunted, origin of stories concern- 
ing, 128 
Hurricane, what is a, 80, 81 
Hurricanes, where prevail, 80 
HutSj^rst form of human habitations, 

41 
Hydrochloric acid, 804 
Hydrogen gas, its properties, 224 

the lightest of all bodies, 62 
sulphuretted, 804 
how formed, 304 
what is, 224 
Hydrostatics, definition of, 49 



I 
Ice, " anchor," what i^ 179 
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Ice. fractnreti in regular lines and angles, 
186 
boat of; 180 
what i», 179 

why floats npon water, 63 
why Die) ted by the smi, 196 
Ieeberg^ height ol, 106 

how formed, 106 
niasions, optical, 269 
Ima^res all appear Inverted in water, 246 
Impenetrability, 4 
Incandescence^ what is, 181 
Incidence, line and angle oC 246 
Induction in magnetism, 296 
Inertia, illustrations cf^ 10 
Inertia, What is, 9 

Insects, how occasion sounds, 12S, 124 
Instrument, stringed, use of the body of, 

117 
Ionic order of architecture, 45 
Iris of the eye. 263. 
Iron, how made hot by striking, 189 
meteoric, 96 
where found, 96 
why sinks in water, 62 
why stronger than wood, 12 



Kettle, why heat is not applied at the top 

why sometimes boils over, 156 
Eyanizing, what is, 811 



Lakes, some never fWixen, 188 

Lamps, closed, use of a nolo in the top, 

288 

gas generated by, 208 

smokes, occasion of, 228 

solar and astral, how constructed, 

228 
wicks, cotton best adapted for, 
66 
Land, configuration of; effect on tempe- 
rature, lOi 
Latent heat, what is, 188 
Larynx, 122 
Laundress, why boils starch, 802 

why touches a flat-iron with 
, saliva, 195 

• Laughing, what is, 128 
Leatl, a poison, 810 

why called heavy, 6 
Leather, now made, 805 
Leaves, of plants, how radiate heat, 165 
of plants, why green, 271 
why brown in autumn, 271 
Lens, double convex, 260 

what is a, 260 
Lcnse«, different varieties of, 260 
Light, absorption of, 261 

artificial, on what depends, 281 



Light, chief sources of, 241 
how propagated, 244 
intense, why causes pain to tb« 

cye^266 
most splendid artiiicial, how pro- 
duced, 293 
moves in straight lines, 244 
of the sun, how much intercepted 

by the atmosphere, 261 
possesses no weight, 241 
ray of, when reflected, 244, 245 
refraction o(; 254 

the same quantity not reflected at 
all angles, illustrations of this 
principle 248 
velocity o^ how estimated; illua- 

trations of; 242, 248 
what is, 241 

white, comi)osition of; 255 
why, when it is cloudy, 252 
zodiacal, 97 
Lightning clouds, height above the earth, 
280 
conductors, best materials for, 

284 
different kinds oil 280 
direction of a flash of; 281 
does not follow a direct path, 

284 
beat, cause of; 281 
how kills persons, 281 
rod, what is a, 284 
rods, bow fastened to buildings, 
285 
how protect houses, 284 
when productive of harm, 

284 
why terminate in points, 
284 
sheet, 280 
what is, 280 
why most common in summer. 

Lights, Northern, 287, 288 
Lime, chloride of; 807 
quick, 88 

absorbs carbpiiic acid, 212 
slacked, 88 

water poured on occasions heat, 
how, 187 
Linen handkerchi^, why preferrtd to a 

cotton one, 149 
Linen, how dried by exposure to the air, 
198 
whv cooler than cotton, 149 
Liquefaction, 192 
Liquid, what is a, 8 
Liquids, how to cool, 155 

impart no additional heat after 
they boil, 157 
Liquors, frothing, cause of, 74 
Loadstone, what is a, 295 

why so called, 295 
Loudness, of sound, on what depends, 118 
Lunar caustic, 804 
Lungs, description of, 234 
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Machin<ts, advAntages ot, 81 
Machine and a tool, difference between, 
81 
what Is a, 81 
Machinery docs not create power, 81 
Magnet, directive power ol, 296 

what occors when one is broken, 
298 
Magnets, horse-shoo, 298 

how constructed, 297 

natural, where found, 295 

weights, great, lifted by, 800 

Magnetism, communicated by contact, 

295 

connection with electridiy, 

295 

MalleabiUty, 11 

Man alone capable of enduring all tempo- 

Tature8,148 

method in which he can exert the 

greatest strength, 88 
on a church s^re, why seems very 

small, 251 
shrinks when starved, 283 
Maps, coast survey, how produced, 294 
Mastich, or mastic, 40 
Matches, how ignited by flrlotion, 141 
MateriiUs, strexi^ith ot, 86 

illustrations ol^ 86 
Matter defined, 8 

evidence of its existence, 8 
limits to the division ot^ 5 
particle at^ 5 
properties ot^ 4 

the strongest form in which it can 
be arranged^ 86, 87 
Miasm, or miasmata. 811 
Milk boils more readily than water, 155 
Minor, bow we see ourselves in a, 245 

why images appear behind a, 247 
Mlrrom,24yS 

Mist and fog, distinction between, 89 
Meat, how preserved by smoking, 808 

when tough, 808 
Medicines, prescription by drops tUisafe, 

12 
Mercury, freezes at what temi)eratnre, 
191 
of a barometer, why sinks in fine 

weather, 104 
when freezes, 184 
Metals, why melted by fire, 192 
Meteorites, how supposed to originate, 96 

what are, 94 
Meteorology, what is, 74 
Mist and f^g, why vanish at sunrise, 164 
Mist, on windows, cause ot^ 87 
Mixture and solution, difference between, 

198 
Moon, light ol^ seems to make a path in 
the water, 249 
influence ot^ on the weather, 111 
light, how occasions putrcfiiction, 

why appears large on the horizon, 



Moon, why seems a flat surface, 251 

why seems larger than tho stars, 

Mortar, why becomes hard, 88 
Mortars, composition oi^ 83 
Mortising, what is, 42 
Motion, 22 

Mountains, distant, why appear blue, 
69 
high, why covered with snow, 
105 
Mountain tops, why cold, 172 
Muriatic acid, 804 
Muscular enerey, how exerted, 88> 
Music, scale 0^121 

Musical instruments, how occasion sound, 
121 
sounds, what are, 120 



N 

Nails in old hoosea, why loose, 187 
Near-sightedness, cause of; 264 

bow remedied, 265 
Needle, magnetic, 296 
Negroes skin never blisters from the sun, 

Nitric add, 804 

Nitrogen, its properties and uses, 205 
whatis,a05 



Objects, how we judge of the size and 

position of; 250 
Ocean, colors of animals in, 272 

depth to which light penetrates, 

Odor8,807 

Oersted, Prot, nis discovery, 299 
Oil and water, why not^mix, 198 
Opaque bodies, 261 
Orders in architecture, 45 
Owls, whv see in the dark, 267 
Oxygen, now much required per hour, 
209 

its properties and uses, 205 

what is, 205 
Oxidation, what is, 220 



Paint, in tho vidnity of sewers, why dis- 
colored, 804 
how preserves wood, 153 
Paints, leml, when dansrcrous, 810 
Paper, blotting, why absorbs ink, 66 

writinaj, why will not absorb Ink, 
66 

Paste, a<lhcsivcne88 due to what, 803 
Pedestal, what is a, 46 
Pendulums, compensating, 1S7 

lonsfth of, ttiat beats seconds, 

29 
what is a, 29 
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Per8on% why many, eoo the Bomo object 

at the 8anio tluio^ 244 
FcnM-'tual motion in nature, 23 
instance of, 23 
Perspiration, insensible, what is, S3 

why caused by activo exer- 
tion, 289 
Pilasters, what are, 45 
Pile, what is a, 42 

Pipe^ lead, how affected by water, 810 
water, why liable to bur&t in freez- 
ing, 181 
Pisa, leaning; tower of; 17 
Phinetfi, bow give light, 242 
Phints, how purify the water, 286 

respire as well as animals, 285 
water, liberate oxygen, 286 
Platina, the heaviest subitanoe known, 

62 
Plastic bodies, what are, 9 
Plinth of a column, 46 
Pneumatics, what is. ^ 
Poison, what is a, 809 
Poisoning, what to do in cases ol^ 809 
Poles of a galvanic batteiy, 292 
Pores of a body, 6 
Portico, what is a, 45 
Potatoes, frozen, why sweet, 808 
Potato, starch constitates the balk of^ 802 
Power, how we apply it, 81 
horse, 88 
of gunpowder, 84 
sources of^ 82 
steam, 84 
water, 83 
Preserves, why turn sonr, 806 
Prism, how separates a ray of light, 256 
Pump, chain, what is, 100 
common, 9S 

forcing, construction of^ 100 
height to which water may be 

raised by, 99 
why water rises in, 100 
Pupil of the eye, 263 

contracts by a sudden 
light 266 
Putrefaction, causes of, 807 
Putty, what is, 40 
Pyrometers, how constructed, 191 



Qnadmped, never raises both feet < 

side at ouce, 17 
Quadrupeds, why swim easier than i 

63 
Quick lime, what is, 33 



Radiators, good, of heat, 161 
Itudiation, 160 

of heat, on what dejiends, 161 
llain drt)ps, form of. 169 

why sphcroa, 169 
how measured, 109 



R^n, none if the air be dry, 104 
origin of 91 

water, why called soft, 56 
where most abundant, 103 
why cooler after, 199 
why fiills in drops, 91 
yearly amount falling in different 
parts of the earth, 108 
Rainbow, formation o^ 257 

when seen. 257 
Rainbows at waterfalls, 253 

doable, when seen, 253 
no two persons see the same, 
258 
Rain-gauge, what is a, 109 
Red rays of light possess the greatest heat- 
ing effect, 272 
Reflection, line and angle oil 246 

of light, 245 
Reflectors of heat, what are good, 171 
Refrangibilitv, 86 
Relation of light, 254 
Remedies for poisons. 809, 810 
Repulsion, what is, 11 
Resonance, what is, 125 
Respiration a form of combustion, 234 
object of. 284 
what is, 283 
Retina of the eye, 263 
Retort, what is a, 195 
Rifle, advantages o^ ovev a mnsket, 85 
River, always seems more shallow than it 
is, 255 
bottom, rarely frozen, 181 
part in which the water runs mo^ 
rapidly, 60 
Rocks and stones retain moisture, 107 

cause of their rounded and weather- 
worn appearance, 179 
whv often split in cold weather, 

Roman cement, 89 

Room, air o^ how affected by a current, 
209 

coolest part of 117 

hottest part ol, 217 
Rose, why red, 270 
Rust, what is, 222 



S 

Salt, how dissolves ice, 184 
lakes, origin of, 5S 
utility of, in the ocean, 53 
!8and, best suited for mortar, 39 
Savages, how hear by placing the ear close 

wifli ground, 117 
Scarfing and interlocking, 43 
Sea breeze, why cool, 79 

effect of, on teuii>erature, 107 

rarely freezes, 1^5 

water, why freezes less readily than 

frcsn water, 135 
why hot full, 199 
why salt, 47 
vapor of^ not salt, 199 
Seasons, alternation of warm and cold, 112 
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Seeing, sense of; how exerted, S41 
Sciuics, number o£ 3 

what are thoy, 3 
Sewers, foul, why destructive to health, 

804 
Bhdde, why cool in the summer, 150 
why objects seem dark in, 253 
Shadow, what » a, 244 
Shaft of a column, 46 
Sheets of a bod whv Ibcl cold, and the 

blankets warm, 152 
Ship at sea, why the masts are seen before 

the hull, 253 



Sounds, when flat, 121 

why seem louder in a church than 
in a plain, 12S 
Soim, why kcei»8 hot longer than water. 

Sparks of fire, what are, 7 
Specific gravity defined, 62 
Spectacles best suited for old peonle, 265 
Spoon, metal, how retards the ooilingof a 
kettle, 150 
why tarnished by the yolk of eggs, 

Spray of waves, cause of; 61 



Ships, iron, why do not sink, 65 Springs, effect of drainage upon, 53 

Shoes, hotter for being dusty, 172 Stones for building, how to estimate their 

SkulL the fbrm of the, embodies the prin- durability, 48 

cifHes of the arch, 44 building, action of the weather 

Sight difficultaffcer leaving a limited room on, 48 

and g(dng into the dark, 266 I why lifted easier in water than on 

Size, 4 -land, 65 

Skating swifUy over thin ice, effect of; 27 I Stove, advantages over an o[Hin fireplace, 
Skin, cleanliness essential to the healthy! 219 



action of; 237 
Sky, why aiqiears bine, 271 
Sleet, what is, 92 
Smoke, what is, 218 

why ascends, 18 
Smoking, how preserves meat, 803 
Sneezing, what is. 123 
Snow, ai the foot of a wall, why melts 
rapidly, 161 
flake, how formed, 93 
heat of, how shown, 188 



how diminishes the darkness <h Suffocation, how occurs, 128 



night, 270 
how protects the surfiice of the earth 

in winter, 92, 93 
melting absorbs heat, 188 
various colors o^ 94 
what is, 92 

why none in summer, 93 
white, 93 
Soap-bnbble, origin of colors in, 250 
Soap, utility of in washing, 57 
Soil, a bad conductor of heat, 186 
effects of on temperature, 107 
Solid, what is a, 8 
Solution, what is a, 193 

when saturated, 193 
Sonorous bodies, what are, 116 
Soot, smell o^ why sometimes noticed in 

a room. 216 
Sound, air necessary for the production 
of, 71 
best conductors of, 120 
how obstructed by fogs, rain, &c, 

119 
how produced, 114 
louder by nizht than by day, 119 
not heard alike by all persons, 120 
velocity of, 118 
Sounds, musical, what are, 120 

origin and transmission of, 114 
reflection of; 124 
transmission of by solids, 117 
vibrations, to what compared, 117 
vibrations in solids, how rendered 
visible, 118 
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disadvantages of; 219 
why crackles in cooling, 186 
why crackles when a fire is kindled 
in it, 186 

Stones, why not suitable for fuel, 226 
Straw, use of, in the Egyptian briclkS, 40 
Stripes, effect of; in dresses, 279 
Stucco, what is, 89 
Sucker, the common, 72 
Suction, height to which water may be 
*^by,98 



Sugar and salt, how flavor water, 67 

salt, &c, retard boilincr, 157 
Sulphur, product of when burned, 893 
Sulphureous acid, 803 
Sulphuric acid, 804 
Summer, Indian, haziness of^ 87 
Sun, seen through a fog appears red, S7 
the, a source of heat, 182 
weight on the surface of, 19 
why appears larce on the. horizon, 269 
Sun^s heat, why greater in some portioos 

of the earth than in others, 183 
Sunbeam, motes floating in, what arc, 160 
Sunset, red, cause of; 86 
Surf, what is, 61 
Surfaces, some, why brilliant, 242 

dull, 242 
Swimmers, unskilful, why sink, 68 
Swimming why easier in salt than in f^sh 
water, 63 
philosophy of; 68 
Springs in pomls prevent freezing, 183 
inineraL, cause (^ 54 
origin oil 51 

why cool In summer, ICO 
why often fall in dry weather. 51 
Sprinkling a hot room how cools it, 193 
Squinting, occasion of, 268 

occasions double Vision, 267 
Starch, how uumufaotured, 802 

may be converted iuto sugar, 803 

what is, 802 

whv necessary to boil before using, 
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St«n. shooting. W 

occar periodicAuy, 97 
why not vlilbte in the oaytinie, 
S44 
Starvation, prooeas oi; S88 

whatifl,^ 
Steam, balk ot, compared with water, SOI 
how much lighter than water, 

800 
en^ne, what 10^^03 
hign pressure, m 
how used for oookery, 903 
Invisible, lOT 
its elasticity, 901 
lighter than air, 68 
mechanical force of^ 908 

Ulostrations ot, 908 
parts of a boiler where first formed, 

800 
power oi; on what depends, 801 
visible appearance how caused, 

800 
what is true, 800 
Stems ci grain-plants, why hollow tabes, 

8T 
Stick immersed in water, why seems bro- 
ken, 854 
Still, construction o^ 191 



Thunder, rolling of; cause oi; 887 

storm, places dsAgerous in, 288, 

safest in, 288 
what is a, 280 
varieties ot 887 
what is, 886 

why beard after the lightning 
is seen, 287 
Tides, cause of; 59 

when high and low, 09, 60 
Toes, advantage (^ turning out the, in 

Tornadoes, 89 

phenomena generally attend* 
in&83 

Transparent bodies, what are, 860 
Tree, centre of gravity in. 19 

how discharges a lightniifg doud, 
988 

Trees and flowers, how purify the air, 810 
why covered with straw in wint^, 

Tropics, niny and dry seasons of; 109 
Troy weight, origin of; 80 
Trumpet, ear, construction of; 127 

speaking, construction o^ 127 
Twilight, cause oi; 259 



Telegraph, influence how transmitted by, 

to convey intelligence, 801 

magnetic. Morsels, principle 

of; 800, 801 
wire, why supported on glass, 
801 
Telegraphic current, what Is meant by. 

Telescopes, construction and use oi; 868, 
868 
why enable us to see distant 
objects, 868 
Temperature, effect of the sea on the, 107 
soil on, 107 
mean daily, what is, 106 
varies with altitude, 105 
latitude, 105 
variation, examples of; 106 
why all places have not the 
same, 107 
Temples, how cooled by ether, cologne, 

water, Ac, 197 
Tenon, what is a, 48 
Terra-cotta, what Is, 89 
Thaw, mo*e chilly than a ftost, 188 
Thermometer, centigrade, 191 
Fahrenheit's, 190 
Beaumer's, 191 
indicates difference of heat 
only, 198 

Thermometers and pyrometers, difference 
of; 188 
construction of, 189 
different, 190 
how graduated, 189 
Thundei', cause of; 286 



Vacuum, illustration of, 818 

what is a, 71 
Valves, pump, 98, 99 
Vapor from damp linen, what is it, 197 
in a room, origin of, 88 
of the air, how condensed into rain, 
91 

Vaporization, meaning of, 194 
Vegetables, why sweU in boiling water. 

Vegetation, why luxurious on the margin 

ofa river, 66 
Ventilation, in what situations is itperfect* 
205 
what is, 204 
Vibration, what is a, 116 
Vibrations, sonorous, how illustrated, 116 
Vinegar, what is, 805 
Vitriol, oil of; 804 
Voice, organs of 122 

tones of; now altered, 122 
Volatile substances, 195 
Volcanoes, probable cause of; 186 



W 

Wall, a, when stands securely, 17 
Walls, partition, construction of, to intei 

cept sound, 119 
Warming and ventilation, 204 
Water, a bad conductor of beat, 146 

at what elevation above the earth 

remains frozen, 106 
air In, 
boiled, why flat and insipid, 73 
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Water, composition ot, 54 

declivity sufficient to give mnning 
motion to, 50 

drop of, why rolls npon hot iron, 
194 

expands when freezing, 181 

force of expansion in freezing, 179 

hard, what is, 54 

difficult to wash in, 56 

how extinguishes a fire, 229 

how heated, 168 

hot, why breaks glass, or earthen 
vessels, 185 

in freezing, cracks earthen ves- 
sels, 180 

images in, appear inverted, 246 

power, 88, 84 

pressure of^ 58 

how exerted, 58 

quantity of mineral matter con- 
tained in. 55 

mnning, why slow to freeze, 182 

scalds at what temperature, 176 

surfiice of, always level, 49 

swells in boiling, 156 

temperature of Doiling, 185 

what is the purest natural, 55 

when affects lead pipes, 810 

why a fluid, 54 

why dissolves sugar and salt, 57 

why freezes first at the surface, 

why rises in a pmnp, 101 
why sparkles, 56 
whv will not dissolve iron, 198 
Waters, relative purity ofi 55 
Waterspout, what is a, 88 
Waves, cause ot, 60 
spray ot^ 61 
velocity of storm, 61 
Well, ordinary, why water collects, 57 
Wells, artesiak 52 
Winter, dark dresses most suitable for, 

172 
Weather, action on building materials, 

48 
Weather, animals foretell changes In, 118 

moon's influence on. 111 
Weight, how varies, 19, 20 

proportional to what, 19 
what is, 19 

where a body has the greatest, 
and least, 20 
Weights and measures, English system of; 

21 
Weights and measures, French system of; 

21 
Wheel, centre of gravity of; IS 

dished, or arohecL stronger than a 
ILat,44 I 



Wheels, carriage, why sometimes take 
fire, 189 
fore, of carriages, why smaller 

than the hind, 44 
of carriages, utility of greasing, 

140 
water, different kinds, 84 
Whitewash, what is, 88 
Wick of a caudle, why not consumed, 

288 
Windpipe, what is the, 122 
Windows, why blaze at sunset, 249 

why often covered with mist, 

Wind, cause of; 75 

Winds, force of; how measured, 78 

high, difficult to walk against, 9 

always blow, 76 

effects of mountains, on the course 
of, 76 



land- generally dnr, 76 
nortn, why cold, 79 



south, why w^arm, 79 

regular, 77 

on the direction o£ 73 

trade, 77 

velocity of; 77 
Wine, why sours on exi>osnre to air, 805 
Wood, constituents of; 224 

freen, unprofitable to bum, 227 
ard and soft, 227 
how preserved from decay, 811 
kinds most profitable for fuel, 227 
kinds oi; which imjrart the least 

heat in burning, 227 
weight of a cord oi; 227 
why does not mel^ 194 
w^ generally cut in the winter, 

why snaps when burning, 7 
Wooden handles, why applied tb cooking 

Woollen kettle-holders, utility of; 145 
Woollens, utility of as protectors against 
cold, 147 



Yeast, what is, 806 

Yellow, the color most visible, 272 



Zenith, what is the, 269 

Zero point of thermometer, how deter* 

mined, 190 
Zodiacal light, 97 
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